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Introduction

All recent regional Diptera catalogues (Nearctic:

Stone et al. 1965, Neotropical: Papavero 1966-?,

Oriental: Delfìnado & Hardy 1977, Afrotropical:

Crosskey 1980a, Palearctic: Soos 1984-?, Australasian

/ Oceanian: Evenhuis 1989) more or less implicitly list

or issue the Diptera families in some kind of phyloge-

netic sequence. With respect to what is here called the

Tachinidae family-group, the Calliphoridae are usual-

ly treated first, followed by the Sarcophagidae,

Rhinophoridae and Tachinidae respectively (the latter

two sometimes united). The Oestridae take up various

positions: issued first (Palearctic catalogue), situated

between the Calliphoridae and the Sarcophagidae

(Australasian/Oceanian catalogue), or following the

Tachinidae (other catalogues). Other, more explicit

phylogenetic hypotheses have proposed a sister group

relationship between the Oestridae (in part) and the

Tachinidae (Roback 1951), between the Rhino-

phoridae and Sarcophagidae (Rohdendorf 1967),

between the Rhinophoridae and Calliphoridae

(Tschorsnig 1985a), between the Rhinophoridae and

Tachinidae (Wood 1987b), between the Oestridae

and all other members of the Tachinidae family-group

(Hennig 1976, Tschorsnig 1985a), or between the

Calliphoridae and all other members of the

Tachinidae family-group (Griffiths 1982). Shewell

(1987b: 1 162) was of the opinion that 'biological and

distributional data suggest [that the Sarcophagidae]

are younger than both the Calliphoridae and the

Tachinidae'. In strict cladistic terms, this hypothesis

implies that Shewell considers the Sarcophagidae to be
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the sister group of either the Oestridae, the

Rhinophoridae, or both - although this actually may

not have been the intention. Only McAlpine (1989)

has made an attempt of fully resolving the phylogeny

at the family level and he considered the clade

[Calliphoridae + Mystacinobiidae] + Sarcophagidae as

the sister group of the clade Oestridae + [Rhino-

phoridae + Tachinidae].

The primary objective of the present paper is to test

these hypotheses through reconsideration of available

data and incorporation of additional data. In order to

be as objective as possible and to facilitate and en-

courage future retesting, I have applied a numerical

cladistic approach including close to all (non-redun-

dant) characters for which I have been able to obtain

clearcut scorings. Several characters of potential phy-

logenetic value are discussed but not included in the

analyses because of my uncertainty with regard to

their proper scoring. It is hoped that the detailed an-

notations for most characters will serve as the basis for

extensive discussions on character (state) interpreta-

tion as well as promote a search for additional mor-

phological, behavioural and biochemical evidence.

The Tachinidae family-group contains the well

known blov^^ies, botflies, flesh flies, tachinid flies,

and woodlouse flies. Whether this entire group is giv-

en rank of family (Griffiths 1972), family-group

(Griffiths 1982) or superfamily (Hennig 1958,

McAlpine et al. 1981, Pape 1986a) is of minor con-

cern for the present discussion, and I have simply fol-

lowed current use of family rank for the subgroups in-

cluded. It should be mentioned that the Tachinidae

family-group in the present sense equals the

Calliphoroidea of Hennig (1958), the Tachinoidea of

Rohdendorf (1977) and Pape (1986a), and the

Oestroidea of McAlpine et al. (1981). The latter is

formally correct in the sense of the International

Code on Zoological Nomenclature as the oldest fam-

ily-group name within this taxon is based on Oestrus

Linnaeus (C.W. Sabrosky, in prep.). Griffiths (1972)

used Girschner's (1893) broad definition of the

'Tachinidae' for this taxon but later modified the

name to the 'Tachinidae family-group' (Griffiths

1982). I have adopted the latter suggestion rather

than applying a formal superfamily as I prefer to ap-

ply superfamily level much further down the clado-

gram of Diptera, as has been done by Griffiths

(1972), Crosskey (1980a), Woodley (1989), and

Thompson (1990). Furthermore, I prefer

'Tachinidae family-group' to 'Oestridae family-

group' as the former is already in use (Griffiths 1982,

Thompson 1990), and the latter may easily be mis-

interpreted as a group consisting of what is here con-

sidered subfamilies of an Oestridae sensu lato, like the

Oestroidea of Hackman (1980) or the even more re-

stricted Oestroidea of Papavero (1977).

Paraphyletic assemblages of families arising when

excluding the Tachinidae family-group from more

inclusive clades, e. g. from the Calyptratae, are here

described as 'non-tachinoid', e.g. non-tachinoid cal-

yptrates.

Terminology, methods and choice of terminal

TAXA

Terminology is straightforward and follows in ge-

neral McAlpine (1981) and Teskey (1981). The only

important exception is in the terminology of the

structures of the male terminalia, where I have fol-

lowed Michelsen (1988) and Wood (1990, 1991).

The character matrix (table 2) was analysed with

the computer package Hennig86 (version 1.5, copy-

right J.S. Farris 1988) on an IBM PS/2-30 (8086 mi-

croprocessor). Cladograms (trees) were generated

with 'mh*;bb*;' rather than any combination of im-

plicit enumeration (ie) and branch-swapping (bb). As

noted by both Farris (1988: Hennig86 documenta-

tion) and Fitzhugh (1989), this includes the possibil-

ity of not finding all minimum-length cladograms,

but it may be a convenient trade-off as it is consider-

ably faster and therefore will allow many more trials.

The procedure chosen was judged to have no family-

level impact on the resulting equally most parsimoni-

ous cladograms, although this hypothesis needs cor-

roboration.

All character states were treated as unordered when

producing a first set of cladograms (changing the

Hennig86 default by 'cc-.;'), and a successive weight-

ing procedure ('xsteps w;' in combination with

'mh*;bb*;' and 'cc;' until weights no longer change)

was applied to any initial set of equally most parsimo-

nious cladograms. The latter procedure, which

weights characters according to their best fit to the

cladograms concerned through multiplying consis-

tency and retention indices and scaling these in the

range 0-10, means that clades based on more reliable

characters are given higher priority (Fitzhugh 1989).

Thus, the resulting cladogram(s) may be different

from any of the initial ones. Where successive weight-

ing could not reduce the number of equally most par-

simonious cladograms to one, a Nelson consensus

tree was produced by the 'nelsen;' command. As dis-

cussed by Carpenter (1988), any of the equally most

parsimonious cladograms will represent a stronger

hypothesis than the Nelson consensus tree, but I have

chosen the latter due to lack of good arguments for

selecting amongst these (often numerous) resulting

cladograms.

Transformation series for characters involving

more than two states were deduced from the weight-

ed Nelson consensus tree obtained through the proce-

dure outlined above. With this new input of phyloge-
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netic information, data were reanalyzed.

The number of characters (here defined as transfor-

mation series, see for example Mickevich (1982) and

Platnick (1979)) in biological taxa is usually very

large, and any phylogenetic analysis can only take a

traction of these into consideration. Exclusion of

those characters that would be scored identically for

all terminal taxa analysed and thus carry no phyloge-

netic information is straightforward. Similarly, those

unique (autapomorphic) character states in a given

analysis that define terminal taxa may be excluded as

well, as they have no impact on the relationships

between the taxa. In between is a potentially large

number of characters that possess phylogenetic infor-

mation in the given context. Of these, some are left

unscored simply because they remain unknown to the

observer, or because severe problems with regard to

interpretation of homology or proper delimitation

into states defer clearcut decisions. Therefore, the

present data matrix (table 2) contains only those non-

redundant characters for which I have been able to

obtain 'reasonably unambiguous' scorings. In the

present analysis, these characters are mostly well

known and generally used in descriptive works, but

the scorings - which are the heart of the analysis -

represent hypotheses that should be tested through

more information (morphological, biological, phylo-

genetic, etc.) on the terminal taxa considered.

All scorings are meant as features of the hypotheti-

cal ancestor of the group in question, and I have used

'groundplan state unknown' (scored simply as '-')

whenever a character is inapplicable or when more

than one state occurs in a pattern that does not sug-

gest one to be a more probable groundplan feature

than the other(s).

When scoring larger groups one almost always has

to deal with exceptions, i.e. one or more species with-

in a group showing a character state differing from

that of the hypothetical groundplan chosen. Rather

than scoring every deviating member separately,

which would create an excessive number of terminal

taxa; or using 'state unknown' for all instances where

exceptions were found, which would greatly reduce

the amount of information actually at hand, general-

izations have sometimes been made. These are dis-

cussed in the annotations. Concurrently with the

emergence of explicit hypotheses on the basal splits

within each of the terminal taxa, these generalizations

- and thereby the hypotheses emerging from them —

become open to rigorous testing.

Two non-tachinoid members of the Calyptratae

have been included in the analysis: the Anthomyiidae

and the Muscidae. Both families were designated as

outgroup relative to the Tachinidae family-group

('outgroup = 0.1;'). The Fanniidae are sometimes in-

cluded within the Muscidae or considered their sister

group, but they are here excluded from the analysis.

All Fanniidae have the first anal vein (A, + CuA, or

just A|) shortened and may for this reason be consid-

ered as members of a group also containing the

Muscidae and the Tachinidae family-group. The re-

duction of Ap however, is associated with a strongly

curved second anal vein (A,), and this feature puts se-

rious doubt on the interpretation of the shortening of

the first anal vein as homologous to the condition

seen in the Muscidae. Pont (1986a: 41) even men-

tioned that the Fanniidae 'may be the primitive sister-

group of the rest of the Muscoidea, or even of the

Calyptrata', which finds interesting support in the

analysis of ribosomal RNA phylogeny provided by

Vossbrinck & Friedman (1989). McAlpine (1989)

treated the Fanniidae as the sister group of the

Muscidae, but he did not apply a numerical cladistic

approach and his hypothesis needs testing by inclu-

sion of more data. Non-tachinoid calyptrate phyloge-

ny is beyond the purpose of the present paper and I

have simply accepted Ponts statement cited above.

Anyway, the in- or exclusion of this family in the phy-

logenetic analysis presented below would probably

have no impact on groundplan estimates for the

Tachinidae family-group nor on hypotheses of phylo-

genetic relationships between its members.

Except for the Rhinophoridae, which have been

scored as a terminal taxon, I have split the tachinoid

families into a number of subgroups to enhance the

corroboration of family groundplan estimates. Note

that my use of subfamilial (or tribal) endings should

not necessarily be taken as an endorsement of subfa-

milial (or tribal) rank for these groups; they are sim-

ply more easily referred to as such for the present pur-

pose. These subgroups generally equal named and

well-known subfamilies or tribes, but a special case is

made for the Tachinidae, the subfamilial classifica-

tion of which is highly premature in so far as few cur-

rently recognized subfamilies emerge as well corrobo-

rated monophyletic groups. Crosskey (1980b:

822-823), for example, was of the opinion that the
'-

traditional' Tachininae 'almost certainly [are]

polyphyletic'. According to Wood (1987c: 1201) 'the

Dexiinae is the only subfamily that can be defined on

the basis of a synapomorphy', and Tschorsnig

(1985b: 120) stated that the monophyly of the

Tachininae as well as the Exoristinae is unsupported

('Die Monophylie sowohl der Tachininae als auch

der Exoristinae kann nicht begründet werden'). Still,

however, recent suggestions on how to divide the

Tachinidae into major subgroups and hypotheses of

the phylogenetic relationships between these are al-

most exclusively restricted to the traditional concept

of the four subfamilies Phasiinae, Exoristinae,

Tachininae and Dexiinae (e.g. Shima 1989, Richter

1991).
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For the present analysis I have applied a much wid-

er concept of the Tachininae than the one referred to

above, namely by uniting all species which embryo-

nate (or are suspected to embryonate) their eggs in the

uterus for at least some time after fertilization. This

concept was originally proposed by Wood (1985: 8),

who regarded the 'possession of a distensible ovisac

for embryonating eggs .... as a synapomorphy of those

tachinids that possess it.' I have recognized the

Phasiinae as applied by Wood (1987c), and a 'rest-

group', here named the ' Exorista genus-group', in-

cluding the non-embryonating, non-phasiine

Tachinidae (mainly genera like Aplomya Robineau-

Desvoidy, Exorista Meigen, Medina Robineau-

Desvoidy, Meigenia Robineau-Desvoidy, Phorocera

Robineau-Desvoidy, and Winthemia Robineau-

Desvoidy, see Wood (1972, 1985)). This latter group

is thus possibly para- or even polyphyletic, but the

classification is considered superior to the more tradi-

tional division of the Tachinidae into four subfami-

lies as the suspected non-group is much less inclusive

in terms of genera and species. The Dexiinae will thus

be subordinate within the present Tachininae and are

not scored separately.

The Rhinophoridae need some minor comments.

The genus Mimodexia Rohdendorf was described in

the Sarcophagidae (Rohdendorf 1935) and later con-

sidered a distinct subfamily, Mimodexiinae, of the

Calliphoridae with a sister group relationship to the

remaining members of this family (Lehrer 1970).

Tschorsnig ( 1 985a: 1 6) proposed Mimodexia as a sen-

ior synonym of Callidesia Kugler (Rhinophoridae).

The phallus is highly rhinophorid-like and possesses

the apical bend of the median sclerotization listed by

Pape (1986a) as a synapomorphy for Tromodesia

Rondani and Callidesia, and features like wing pat-

tern, wing venation, and narrowing of frontal vitta al-

so agree with this proposal (Rohdendorf 1935: figs.

79-82, Kugler 1978: figs. 10-11). Thus, I accept the

synonymy and thereby the assignment to the

Rhinophoridae.

Also, I prefer to include the NewWorld Bezzimyia

Townsend and the Oriental Malayia Malloch in the

Rhinophoridae. Crosskey (1977) discussed the famil-

ial assignment oi Bezzimyia and considered this genus

in the Tachinidae (exclusive of the Rhinophoridae),

because 'the head facies .... is conspicuously tachinid,

and the enlarged fore tarsi of the female are of the

minthoine type' (p. 13). This was accepted without

further comments by Pape (1986a). However, still

more evidence is accumulating in favour of an inclu-

sion in the Rhinophoridae (Pape, unpubl.). The phal-

lus of what appears to be an undescribed species of

Bezzimyia (Mexico: Chiapas, El Triunfo, 1 male, 13-

15.V.1985, A. Freidberg, deposited in the Depart-

ment of Zoology, University of Tel Aviv) is strikingly

similar to the phallus found in the Rhinophoridae

(fig. 3), and as subscutellum, lower calypteres and ab-

dominal sternite 2 agree more with the

Rhinophoridae than with the Tachinidae, I prefer to

include Bezzimyia in the former. The rhinophorid ap-

pearance may have been the reason why Sabrosky &
Arnaud (1965) put Bezzimyia in the Rhinophorinae

(as a subfamily of the Tachinidae). Crosskey (1976:

163, 209) listed Malayia as a genus incertae sedis

within his possibly polyphyletic Tachininae (i.e. the

traditional concept), but also Malayia possesses the

rhinophorid-like features here given for Bezzimyia.

Admittedly, they do not fit easily into the cladogram

of rhinophorid genera produced by Pape (1986a), but

lack of evidence does not corroborate anything. Thus,

the only argument for treating these rhinophorid-like

genera as Tachinidae is that they possess characters

not found in any (? other) rhinophorid but which are

encountered scattered in the Tachinidae, e.g. a later-

ally compressed fore tarsus (many Bezzimyia, some

undescribed Malayia), heavily setose facial ridges that

are elongated ventrally {Bezzimyia busckii Town-

send), or a lobate first flagellomere (some undescribed

Bezzimyia). But as long as they cannot be shown to

share but a few possibly derived character states with

any specific group of Tachinidae, the many apomor-

phic character states which are shared with the

Rhinophoridae make an affiliation with this family

most corroborated. Most probably, the description of

either mature eggs or the first instar larvae oï Malayia

and Bezzimyia - still unknown for both genera - will

provide definite clues to their systematic position.

Apart from Bezzimyia and Malayia, some other unde-

scribed species of Neotropical and Australasian

Rhinophoridae have turned up lately (Pape in prep.),

and as these do not fit easily in the cladogram of Pape

(1986a), the family groundplan remains uncertain for

some characters.

The lack of a well corroborated infrafamilial clas-

sification of the Calliphoridae urges some explanation

of the subgroups used. I have treated the Toxotars-

inae as including the Sarconesiinae, Kuschelomyinae

and Netinae of Lopes & Albuquerque (1982), but

distinct from the Chrysomyinae and Rhiniinae, with

which they share a row of setae on the posterodorsal

surface of the stem vein (remigium). This is not be-

cause I endorse subfamily rank for these taxa, but

simply because a splitting will bring more detailed

scorings and therefore result in better corroborated

hypotheses of groundplans and therefore of phyloge-

netic relationships. The Auchmeromyiinae of Patton

(1935a) [originally spelt Auchmeromyinae] is here

widened and synonymized with the Bengaliinae as

used by James (1966) and the Bengaliinae and

Tricycleinae used by Lehrer (1970). This taxon will

probably, in addition to Auchmeromyia Brauer &
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Bergenstamm and Bengalia Robineau-Desvoidy, con-

tain the genera Booponus Aldrich, Cordylobia

Grünberg, Hemigymnochaeta Corti, Neocordylobia

Villeneuve, Pachychoeromyia Villeneuve, Termi-

toioemus Baranov and Tricyclea Wulp, the species of

which all are exclusively yellowish or brownish

(Rognes 1991, pers. obs.). Moreover, all members

may have the spermathecal ducts arranged in the 'all

separate' configuration (see discussion under charac-

ter 25 below), and all genera of this taxon examined

by me {Auchmeromyia, Bengalia^ Cordylobia,

Termitoloemus, Tricycled) have an elongated first anal

vein (A, + CuA,), reaching, or almost reaching the

wing margin (see also Villeneuve (1924)). Rognes

(1991) mentions that the complete first anal vein is a

possible autapomorphy for the Auchmeromyiinae, al-

though he simultaneously proposes to maintain the

equally equipped genus Bengalia in a subfamily of its

own. I know of no character states shared by the non-

bengaliine Auchmeromyiinae, which may corrobo-

rate their monophyly. A similarity between

Auchmeromyia, Cordylobia and Bengalia was, in fact,

already noted by Patron (1935a: 229), who men-

tioned that 'practically all the chaetotactic characters

[of Auchmeromyia] are common to Bengalia and

Cordylobia as well'.

The monophyly of the Ameniinae and Mesem-
brineliinae, respectively, seems corroborated beyond

any doubt (Crosskey 1965, Guimarâes 1977), and

the Phumosiinae, including Euphumosia Malloch and

Phumosia Robineau-Desvoidy, may be defined by the

character states macro- (or uni-) larviparous repro-

duction (Ferrar 1978), elongated spermathecae, and

the 'all separate' configuration of spermathecal ducts.

The Helicoboscinae were dealt with by Rognes

(1986), with whom I fully agree. Note that already

Patron (1939: 107) suggested a calliphorid affiliation

of this taxon: 'It is not possible at present to be certain

of the systematic position oï Helicobosca muscaria and

Helicobosca distinguenda, one point, however, is cer-

tain they do not belong to the subfamily

Sarcophaginae; the terminalia suggest relationships

with the Calliphorinae'. Verves (1990) transferred the

genus back into the Paramacronychiinae, but without

a detailed discussion on how to explain the absence of

the diagnostic sarcophagid groundplan features in

this taxon.

The subfamilies Calliphorinae, Luciliinae, Mela-

nomyinae, and Polleniinae have received a detailed

and precise treatment by Rognes (1991) and need no

further comment in this context. The subfamilial and

tribal phylogeny proposed by Lehrer (1970) will not

be thoroughly discussed in the present paper as this

author did not explicitly list the (derived) character

states defining clades as well as terminal taxa.

The Prosthetosomatinae, which were transferred to

the Calliphoridae by Pont (1980a), have not been in-

cluded as a separate (calliphorid) taxon as they in my
opinion represent a group of convenience. The con-

stitutive feature is the habit of all members infesting

termite nest-mounds (in itself hardly a clearcut char-

acter state), and they are known from the larval stag-

es only. They will probably fit into one or more of the

groups applied in the present paper when adults be-

come available.

The division of the Sarcophagidae into only three

subfamilies has been dealt with by Pape (1987a).

Oestridae in the present sense equals that of Wood
(1987a), and they have been divided in four subfam-

ilies: Cuterebrinae, Gasterophilinae, Hypoder-

matinae and Oestrinae. The Gasterophilinae have

been further split into two subgroups: Cobboldiini

with the genus Cobboldia Brauer on the one hand,

and Gasterophilini with Gasterophilus Leach and

Gyrostigma Brauer on the other. The systematic posi-

tion of the monotypic genera Neocuterebra Grünberg

and Ruttenia Rodhain within the Oestridae is uncer-

tain (Zumpt 1965; Wood 1986, 1987a), and I have

followed the tentative suggestion of Wood (1987a),

that they belong to the Cuterebrinae.

The monotypic Mystacinobia Holloway from New
Zealand has not been included in the analysis, neither

as a separate taxon nor by inclusion in one of the ac-

cepted taxa. No shared character states have been

found which will convincingly indicate inclusion

within any of the currently applied families, but I do

not consider this justification for a separate family.

The strongly autapomorphic morphology renders ho-

mologies of most character states highly tentative or

even inapplicable, and many scorings are open to se-

rious doubt. I prefer to accept Mystacinobia as a mem-
ber of the Tachinidae family-group and to treat it as a

genus incertae sedis. Possible phylogenetic affinities

are discussed further in the section dealing with clades

of the Tachinidae family-group.

Characters and character states

Characters discussed below are given numbers ac-

cording to their scorings in the data matrix (table 2),

starting with rather than 1 following the procedure

of numbering characters in Hennig86 (version 1.5).

All characters have been split into two or more states

denoted by consecutive numbers (0-n). For the

convenience of the later discussion, states have - whe-

re possible - been arranged in the transformation se-

ries deduced from the initial analysis and with the

more plesiomorphic state having the lowest number.

Character 0. - Postocular setae; size

- equal size, 1 - alternating size, 2 - redu-

ced.
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Apart from Pape (1991), this character has not pre-

viously been employed for diagnostic purposes or

otherwise explicitly mentioned in connection with

the Tachinidae family-group. In the non-tachinoid

Calyptratae, the row of postocular setae consists of

equal-sized setae or these may increase gradually in

size towards the vertex. In the Tachinidae family-

group, this row consists of setae distinctly alternating

in size, and only two exceptions are known to me:

The Oestridae and the Miltogrammatinae

(Sarcophagidae). All Oestridae have their general se-

tosity greatly modified, with most setae soft and hair-

like. The postocular setae are bristly in the sense that

they are stiff and tapering, but obviously reduced in

length, and they show no alternation in size. As this

reduced condition could easily have evolved from any

of the other two states, the oestrid condition has been

scored as a separate state: reduced (2). In the

Miltogrammatinae, species of Macronychia Rondani

sometimes have postocular setae slightly alternating

in size, but the subfamily has nevertheless been scored

for equal sized postocular setae.

Character 1 . - Postcranium; shape

- convex, 1 - concave.

The concave condition is found in all Oestridae

and in the subfamily Miltogrammatinae of the

Sarcophagidae. The groundplan of all other terminal

taxa has been scored as convex.

Character 2. - Imaginai mouthparts; functionality

- fully developed and actively used, 1 - re-

duced and never used for feeding purposes.

Within the Oestridae, all species possess reduced

mouthparts, and only species of Cuterebra Clark and

some Hypodermatinae have been seen imbibing wa-

ter from wet surfaces (Bennett 1955, Catts & Garcia

1963, Grunin 1965). Solutions of sugar or proteina-

ceous substances are never exploited. The non-oestrid

taxa have all been scored for fully functional mouth-

parts (0) as the very few instances of much reduced

mouthparts (e.g. Dexia Meigen and Phasiops

Coquillett of the Tachinidae, Chauliooestrus

Villeneuve of the Sarcophagidae [not Gasterophilidae

as listed in Pont (1980b), see Pape (1991)],

Villeneuviella Austen of the Calliphoridae) seem to

involve genera far from the basal splits in their respec-

tive subfamilies.

Character 3. - General integument; coloration

- non-metallic, 1 - metallic.

The Anthomyiidae and Rhinophoridae possess no

members with metallic colours, and the few examples

in the Muscidae (e.g. Neomyia Walker),

Sarcophagidae (only Sarcophaginae, e.g. Sarcophaga

metallescens Bezzi, Chlorosarcophaga Tov^/nsend), and

Tachinidae (e.g. Gymnocheta Robineau-Desvoidy of

the Tachininae) may convincingly be characterised as

isolated homoplasies by reference to what is known of

infrafamilial phylogeny in these groups. In the sub-

family Cuterebrinae, metallic colours occur in

Neocuterebra squamosa Grünberg and Dermatobia

hominis (Linnaeus, Jr). Members of the genus

Cuterebra sensu lato generally have a shining integu-

ment and a few species present a distinct metallic

tinge, e.g. Cuterebra atrox Clark. Ruttenia loxodontis

Rodhain has no metallic coloration. The groundplan

of the Cuterebrinae has been scored as unknown with

regard to this character.

Metallic colours are not present in the

Gasterophilini. In Cobboldia, the Afrotropical species

C loxodontis Brauer and C. roverei Gedoelst have tho-

rax and abdomen metallic blue and green respective-

ly, but the Oriental C elephantis (Cobbold) is non-

metallic.

In the Calliphoridae, no member of the

Helicoboscinae and the Bengaliinae possess a metallic

coloured integument, and these have accordingly

been scored as non-metallic (0). In the PoUeniinae,

metallic colours are generally absent but at least some

NewZealand Pollenia Robineau-Desvoidy are metal-

lic green (Dear 1986). The 'Australasian' concept of

this genus, however, is much broader than that con-

taining only those Palearctic species with soft, yellow-

ish, crinkled hairs amongst the thoracic setae, and as I

have been unable to differentiate Pollenia (s.l.) from

the remaining genera of PoUeniinae, the groundplan

of the subfamily has been scored as unknown for this

character. Also, several species of Rhiniinae and

Melanomya Rondani of Melanomyinae are non-me-

tallic and the groundplan of these subfamilies has

been scored as unknown for this character.

Remaining calliphorid subfamilies have been scored

as metallic (1).

Character 4. - Imago; clothing setae

- unmodified setae, 1 - most setae hairli-

ke.

The hairy condition of all members of the oestrid

subfamilies is well known and needs no further com-

ment. Rhyncomya Robineau-Desvoidy (Rhiniinae)

and Palearctic Pollenia (PoUeniinae) of the

Calliphoridae possess whitish or yellowish hairs

among the setae, but never to a degree comparable

with any botfly, and the hairs are crinkled and unlike

those found in the Oestridae.

Character 5. —Prosternum; setosity

- bare, 1 - setose.

In the Sarcophagidae, most members of subfamily

Sarcophaginae have the prosternum setose and the

groundplan has been scored as such. No
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Paramacronychiinae and in the Miltogrammatinae

only Chrysogramma Rohdendorf (preocc, no valid

name at present) have setae on this sclerite. No
Rhiniinae and Polleniinae have a setose prosternum,

while the setose condition is widespread in all other

terminal taxa of Oestridae and Calliphoridae. In the

Tachinidae, I have not seen the setose condition in

the Phasiinae nor in the Exorista genus-group, but

both conditions occur in the Tachininae, and the

groundplan of the latter has been scored as unknown

for this character.

Character 6. - Proanepisternum; setosity

- bare, 1 - setose.

A setose proanepisternum (upper, depressed part of

propleuron) may be found scattered throughout the

Sarcophagidae, but always in distinct clades that are

not engaged in the basal dichotomies of their respec-

tive subfamilies. Therefore, I feel confident by scoring

the groundplan of the contained subfamilies as bare

(0). In the Calliphoridae, I have found no instances of

a setose proanepisternum in the Mesembrinellinae,

Polleniinae and Rhiniinae - all scored as bare (0) -

while both states occur in the Bengaliinae (setose in

Tricyclea, bare in others) and Melanomyinae (bare in

Melanomya, setose in Melinda Robineau-Desvoidy),

which have been scored as unknown. Remaining cal-

iiphorid subfamilies have been scored as setose (1) as

I know of no exceptions. No Rhinophoridae possess a

setose proanepisternum, and in the Tachinidae no

members of the Phasiinae and the Exorista genus-

group seen by me have this surface setose. Both con-

ditions occur in the Tachininae, the groundplan of

which accordingly has been scored as unknown. The

Oestridae probably have the setose condition as a

groundplan feature. In the Cuterebrinae the proane-

pisternum is bare in Neocuterebra znà Ruttenia, setose

in Dermatobia Brauer and Cuterebra. Gasterophilus,

Gyrostignia and Cobboldia oi the Gasterophilinae all

possess a setose proanepisternum. In the

Hypodermatinae, the setose condition is found in

Oestromyia Brauer, but only occasionally in the

Hypodermatini. No Oestrinae possess a setose proan-

episternum.

Character 7. —Postalar wall; setosity

- bare, 1 - setose.

The typical pattern of postalar setae is an isolated

tuft of setae centrally on the postalar wall. Several

genera of the sarcophagid subfamily Sarcophaginae

possess postalar setae in this configuration, but no

postalar setae are found in the genus Tricharaea

Thomson, which is often considered close to the ba-

sal split(s) of this taxon, and the sarcophagine

groundplan has been scored as unknown. No mem-
bers of the Paramacronychiinae possess postalar setae,

and where a few postalar setae occur in the Milto-

grammatinae, e.g. Metopia brasiliana Townsend

(Pape 1987c), these are probably homoplasic as prob-

ably basal groups like Macronychia and

Eumacronychia Townsend do not possess any postalar

setae. Both conditions are found in the

Melanomyinae (bare in Melanomya, setose in

Melinda), but of general occurrence in the other calli-

phorid subfamilies, which have been scored as setose

( 1 ) . The oestrid taxa have been scored as setose ( 1 ), al-

though apparently bare conditions occur in the

Oestrinae, e.g. in Tracheomyia macropi (Frogatt) and

in some Gasterophilus spp. These exceptions all pos-

sess setae higher up on the postalar wall which are

confluent with the general setosity of notum, but I

have not been able to decide whether this setosity is

homologous to true postalar setae.

I have not found any Tachinidae with a setose

postalar wall and the three subgroups here recognized

have been scored as bare (0).

Character 8. - Metasternum; setosity

- bare, 1 - setose.

Note that what is here called metasternum (i.e. the

convex sclerite situated in front of the hind trochant-

ers) probably includes pleural elements, and the

metasternum proper is largely invaginated. I have

found no Anthomyiidae, Muscidae, Rhinophoridae

or Tachinidae with a setose metasternum. In the

Sarcophagidae metasternal setosity is present in all

Sarcophaginae, absent in Paramacronychiinae, and in

the Miltogrammatinae only present in Chryso-

gramma. All Oestridae seen by me have the metaster-

num setose. The calliphorid subfamilies have been

scored as setose (1) as the few exceptions, e.g. some

but not all Melanomya, are considered as derived from

the setose condition.

Character 9. - Meron; setosity

- bare, 1 - with a vertical row of bristles, 2

- with a patch or tuft of hairs.

Usually, the row of meral bristles runs vertically at

the posterior margin of the sclerite and may follow

this where it curves forwards along the anteroventral

margin of the metathoracic spiracle. Smaller species

may have the number of bristles reduced to 2-3, e.g.

many Rhinophoridae and small Tachinidae, while

larger species often have numerous additional hair-

like setae, especially anterior to the bristles. Very few

Tachininae, e.g. the genera Tarassus Aldrich

(Neotropical) and Lophosiosoma Mesnil (Oriental),

lack meral bristles altogether, but these are considered

reversals and the groundplan of the Tachininae has

been scored as 1. Rognes (1986) considered the mer-

al hairs found in the Oestridae as non-homologous to

the meral bristles of the remaining Tachinidae family-
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group, possibly because the hairs usually form a patch

rather than a vertical row. In my opinion, the identi-

cal position compared to that of the bristly row of the

non-oestrid members of the Tachinidae family-group

should be taken as a priori évidence of homology. The

hairlike appearance of the meral setae is most parsi-

moniously regarded as part of the general hairiness,

and it should be noted that the meral hairs sometimes

are developed as a row of fine bristles, e.g. in

Dermatobia hominis (Cuterebrinae) (Wood 1987a,

pers. observation). Sabrosky (1986: 40) noted that

Cuterebra has the meron equipped with 'a tuft of stiff,

bristly, black hairs in most species'.

Meral setae are also found in non-tachinoid

Calyptratae, especially well developed in the genus

Eginia Robineau-Desvoidy (Muscidae) but also in

more typical Muscidae (Pont 1986b, McAlpine

1989). A few Anthomyiidae possess meral setae, e.g.

Eutrichota Kowarz (Huckett 1987) and 'McAlpine's

fly' (pers. obs.), which tentatively has been assigned to

the Anthomyiidae (Ferrar 1979, 1987). Only in

Eginia, however, is the configuration reminiscent of a

(very short) vertical row of long and bristly setae.

Pont ( 1 977) placed Eginia with some related genera

in their own family, Eginiidae, but later transferred

the group to the subfamily Phaoniinae of the

Muscidae (Pont 1986b, as Eginiini). Skidmore

(1985) was convinced that Eginiini did not belong in

the Muscidae and he suggested affinities to be with

the Tachinidae or the Calliphoridae. This decision,

however, was primarily based on the presence of well

developed parastomal bars in the cephalopharyngeal

skeleton of what was thought to be a puparium of

Eginia ocypterata (Meigen). As this puparium seems

to belong to the Sciomyzidae (V. Michelsen, pers.

comm.), the evidence for excluding Eginiini from the

Muscidae is strongly reduced. A discussion of the

systematic position of Eginiini is given by McAlpine

(1989: 1498).

Character 10. - Subscutellum, shape

- concave, 1 - slightly swollen, 2 - strong-

ly swollen.

The concave condition found in all Anthomyiidae

and Muscidae examined by me is easily distinguished

from the swollen conditions (1, 2). A similar concave

condition is found in the three sarcophagid subfami-

lies except in Nyctia Robineau-Desvoidy of the

Paramacronychiinae where the slightly swollen con-

dition obviously has evolved independently. The ta-

chinid taxa are here scored for the strongly swollen

condition (2), although some exceptions occur, e.g.

Cinochira Zetterstedt and Cylindromyiella Malloch.

Crosskey (1976: 36), however, noted that it 'is not

completely certain that Cylindromyiella is a tachinid'.

Downes (1986) considered the groundplan of the

Tachinidae to be characterised by a medium-sized

subscutellum, which led him to assume that 'the sub-

scutellum has become enlarged independently in

more than one lineage' (p. 15) within the family. In

my opinion, it is more parsimonious to consider the

strongly swollen subscutellum of the Tachinidae as a

groundplan feature.

Within the Oestridae, the subscutellum of the

Cuterebrinae (Wood 1987a: fig. 9) and

Gasterophilinae is considered as state 1, while the

subscutellum of the Hypodermatinae (Wood 1987a:

fig. 10) is distinctly larger and is scored as such (2). In

the Oestrinae, Oestrus has a strongly swollen subscu-

tellum but other states occur, like the almost concave

subscutellum of Cephenemyia Latreille and

Pharyngomyia ScKmei (Zumpt 1965). The subscutel-

lar groundplan of the Oestrinae has accordingly been

scored as unknown.

All Rhinophoridae have a slightly swollen subscu-

tellum (Wood 1987b: figs. 2,3), and so have the cal-

liphorid subfamilies Ameniinae, Bengaliinae,

Helicoboscinae, Mesembrinellinae and PoUeniinae,

which all possess a subscutellum that definitely is con-

vex, but still much less swollen than the condition in

the Tachinidae. As both the concave and the slightly

swollen conditions occur in the Melanomyinae, this

taxon has been scored as unknown for this character.

As an intermediate condition, the slightly swollen

condition is poorly defined. More precise morpho-

logical descriptive terms will probably increase the

number of states and add important phylogenetic in-

formation.

Character 1 1. - Anatergite; setosity

- bare, 1 - setulose.

If present, the laterotergal 'hairs or setae' of

McAlpine (1989: 1498) [= infrasquamal setulae of

Shewell (1987b: fig. 108.23)] are arranged in a small

patch or cluster on the anatergite just below the low-

er calypter. I have not found infrasquamal setulae in

any Anthomyiidae, and in the Muscidae only in

Neomyia, and I have scored the groundplan of both

families as bare (0). All Calliphoridae, Rhinophoridae

and Tachinidae seem to possess infrasquamal setulae

(I have, however, seen some specimens of the rhino-

phorid Paykullia kugleri (Herring) with few and even

no setulae). Among the Sarcophagidae, all species of

Paramacronychiinae and Sarcophaginae have infra-

squamal setulae, but the large majority of

Miltogrammatinae have the anatergite completely

bare. Some exceptions, however, occur, e.g.

Eumacronychia and Macronychia, and occasional

specimens of Xiphidiella Villeneuve, and I have

scored the miltogrammatine groundplan as unknown

for this character. No Oestridae possess anatergal set-

ulae.
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Character 12. - Metathoracic spiracle; configuration

of fringe

- continuous along posterior, ventral and

anterior rim, 1 - divided into an anterior

and a posterior fringe.

The Muscidae and the Anthomyiidae are scored for

a continuous fringe, although this fringe often is dis-

tinctly thinned ventrally. Within the Tachinidae fam-

ily-group, I know of only the following exceptions

from the divided fringe: Mystacinobia, which is dis-

cussed separately below, has no fringe at all. The

Mesembrinellinae were given family rank by

Guimaraes (1977), probably prompted by Crosskey's

(1965: 43) statement that they 'may not be

Tachinoidea at all'. Their metathoracic spiracle devi-

ates strongly from that of other Calliphoridae in be-

ing equipped with a large continuous fringe, much
like some Muscidae (e.g. Phaonia Robineau-

Desvoidy). Bequaertiana Curran of the

Rhinophoridae has almost no fringe, which added to

Zumpt's (1956) conviction that this genus was an

acalyptrate. The generic cladogram of Pape (1986a),

however, suggests that the spiracular configuration of

Bequaertiana is apomorphic. Groundplan estimates

of the Oestridae are difficult as much variation oc-

curs. In the Cuterebrinae, Neocuterebra and Ruttenia

have a continuous fringe, all Cuterebra a divided

fringe. In the Gasterophilinae species of Cobboldia

have a divided fringe, those of Gasterophilus and

Gyrostigma have a continuous fringe. All

Hypodermatinae have a continuous fringe while all

Oestrinae have a divided fringe.

Several small Tachinidae and Calliphoridae (e.g.

Cinochira, some Melanomyd), and all of

Rhinophoridae have small metathoracic spiracles, but

they still provide good examples of the divided condi-

tion. From the SEMfigures given by Crosskey (1977:

figs. 41-44), it may be observed that Melanophora

roralis (Linnaeus), Phyto discrepans Pandellé and

Stevenia atramentaria (Meigen) possess distinctly di-

vided metathoracic fringes, and only the fringe seen

in Rhinophora lepida (Meigen) could perhaps be tak-

en for continuous, although even here a distinct break

of the fringe can be observed ventrally (which is al-

most to the right in Crosskey's figure).

Character 13. - Metathoracic spiracle; relative size of

anterior and posterior lappets

- both lappets small, 1 - narrow anterior

lappet and large posterior lappet, 2 - both

lappets large.

This attempt of fitting the configurational multi-

tude of metathoracic spiracular lappets into a few

states based on relative size alone may seem too sim-

ple as 'a wide range of "opercular" metathoracic spir-

acles occurs in Tachinidae-Calliphoridae-Sarco-

phagidae' (Crosskey 1977: 8). On the other hand,

scoring most types of fringe configurations different-

ly would cause an extreme splitting of taxa that would

be difficult (and very time-consuming) to score at the

present state of knowledge - and actually carry less

phylogenetic information as far as interfamilial rela-

tionships are concerned. Therefore, I have tried to re-

duce the number of groundplan types, and the

present three-state character seems in agreement with

Crosskey (1977: 8), as his 'representative[s] of two

very common types' fit my states 1 and 2 perfectly.

The Helicoboscinae, all Oestridae except those

with continuous fringe, and the sarcophagid and ta-

chinid taxa are scored for state 1 where the spiracular

fringe is divided into a narrow, crescent-shaped ante-

rior fringe (or lappet) and a broad, operculum-like

posterior lappet that is often distinctly narrowed at

base (Crosskey 1977: fig. 45; Rognes 1986: fig. 3).

Rarely, the two lappets are more equal to each other,

as in the genera Macronychia (Miltogrammatlnae) and

Chrysotachina Brauer & Bergenstamm (Tachininae)

(Wood 1987c: fig. 169), a configuration which I con-

sider as apomorphic for these genera. Anthomyiidae,

Muscidae, Mesembrinellinae, Gasterophilus + Gyros-

tigma in the Gasterophilinae, and Hypodermatinae

have been scored as inapplicable for this character as

they possess a continuous fringe.

In many Calliphoridae, the anterior lappet is en-

larged. Rarely it is very much larger than the opercu-

lum, as in the genus Phumosia (Calliphoridae) depict-

ed by Crosskey (1977: fig. 46), but note that this

figure is of the right metathoracic spiracle, contrary to

all other spiracles figured. I have scored all non-helic-

oboscine calliphorid subfamilies for an enlarged ante-

rior lappet (2) although exceptions occur, e.g. some

Melanomya in the Melanomyinae. Species with a

small metathoracic spiracle, e.g. all Rhinophoridae,

often have a reduced and less operculum-like posteri-

or lappet, and this condition is here considered a dis-

tinct state (0).

Downes (1986), Pape (1986a) and Rognes (1986)

all mention more or less explicitly that a large meta-

thoracic spiracle is characteristic for (part of) the

Calliphoridae, and Downes (1986: 19) stated that he

considered the enlarged metathoracic spiracle to have

developed several times in that family: 'The

Calliphoridae have repeatedly developed very large

posterior thoracic spiracles that intrude forward into

the hind margin of the meron.' Apparently, the spi-

racular fringe has enlarged as well, and the large ma-

jority of species in all non-helicoboscine calliphorid

subfamilies show this state with unambiguous clarity.

Rognes (1991) provides many line-drawings of calli-

phorid metathoracic spiracles. The Helicoboscinae,

on the other hand, is a perfect representative of the

'narrow/large' condition (1), see Rognes (1986: fig.
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3). The subfamily Ameniinae was for long considered

in the Tachinidae, hut Crosskey (1965) convincingly

transferred them to the Calliphoridae, although not-

ing that 'the Ameniinae [may be] as closely related to

the Sarcophagidae as to the Calliphoridae' and that 'it

may be better to treat [them] as a full family' (p. 43).

The metathoracic spiracular fringe of most species is

perfectly 'large/large' (2) and I have all reasons to con-

sider this as homologous to the condition found in

other non-helicoboscine calliphorid subfamilies. The

few calliphorid species with a rhinophorid-like meta-

thoracic spiracle fall nicely within their respective taxa

through their close affinity with more typical calli-

phorids, like the close relationship between the genus

Melinda and the Melanomya genus-group (Rognes

1986, 1991).

All species of Mesembrinellinae possess a metatho-

racic spiracle with one continuous, large fringe

(Guimarâes 1977: fig. 8). This non-opercular condi-

tion brings some problems of homology, i.e. whether

all of the fringe or only the anterior part is homolo-

gous to the anterior lappet of other Calliphoridae.

Accordingly, this character has been scored as inappli-

cable for the Mesembrinellinae.

The shape of the rhinophorid metathoracic spirac-

ular fringe needs special mention as this could be con-

sidered intermediate between the operculate fringe

found in Calliphoridae, Oestridae, Tachinidae and

Sarcophagidae on the one side and the type with a

continuous fringe found in the non-tachinoid calyp-

trates on the other. Note, however, that an operculate

metathoracic spiracle occurs in the rhinophorid genus

Baniassa Kugler, where it may be considered a rever-

sal, i.e. apomorphic (Pape 1986a). Crosskey (1977: 8)

made the following description of the rhinophorid

spiracle: 'In Rhinophoridae .... the external opening

of the spiracle lacks a definite occluding flap or pair of

flaps and instead is margined by complex short fring-

es that stand out from the spiracular rim (there being

normally an anterior and a posterior fringe that meet

ventrally but that are widely separated dorsally),' and

he considered 'the nature of the metathoracic spiracle

[as providing] the most important single character for

rhinophorid recognition'. McAlpine (1989: 1501)

characterised the rhinophorid spiracle as 'subcircular,

without distinct operculum, and margined with erect

fringe of hairs' and considered this an 'important

plesiomorphic character'. I have no a priori reason to

do this, and McAlpine was, in fact, contradicted by

his own cladogram (fig. 1 16.8).

Both outgroups, i.e. Muscidae and Anthomyiidae,

have been scored as unknown/inapplicable for this

character. I have insufficient knowledge of the meta-

thoracic spiracular groundplan for these two families,

and the continuous nature of the fringe would make

any scoring rather tentative.

Character 14. - Anepimeron; setosity

- bare, 1 - setose.

Anepimeral setae occur in only a few

Anthomyiidae (Huckett 1987) and Muscidae

(Huckett & Vockeroth 1987), but in all members of

the Tachinidae family-group. Also, while bristly ane-

pimeral setae are virtually absent in the Anthomyiidae

and Muscidae, they are widespread and common in

the Tachinidae family-group. Therefore, the present

scoring of the anthomyiid and muscid anepimeral

groundplan as bare (0) and that of all other taxa as se-

tose (1), seems well founded.

Character 15. - Wing vein M; course distal to cross-

vein dm-cu
- bent anteriorly at junction with dm-cu,

1 - a straight (or at least non-bent) conti-

nuation of proximal part, 2 - bent anterior-

ly at a more or less right angle, with bend

distinctly removed from dm-cu, 3 - bent

anteriorly at an obtuse angle, with bend

distinctly removed from dm-cu.

Gasterophilus + Gyrostigma (Gasterophilini) show

the straight condition (1), while species of Cobboldia

as well as all Cuterebrinae and Oestrinae show the

sharply bent condition (2). The Hypodermatinae are

unique in having the bend occurring almost exactly at

junction between Mand crossvein dm-cu. The ob-

tuse angle or gentle curve of M (state 3) is found in

the Mesembrinellinae (Calliphoridae) and

Rhinophoridae. This state is also found in many

smaller species of Calliphoridae (e.g. some

Melanomya), while some Tachinidae (e.g. Freraea

Robineau-Desvoidy, Cinochira, Cylindromyiella) have

the bend almost absent. These instances are here con-

sidered independent acquisitions derived from the

bent conditions. The total absence of the distal part

in various Tachinidae, and in Bezzimyia,

Bequaertiana, Melanophora asetosa Kugler and Oplisa

aterrima (Strobl) of the Rhinophoridae is obviously a

distinct state. No evidence, however, suggests that

this state may characterise the groundplan of any of

the taxa scored in the present analysis, and I have not

made a special entry. Note that some species of Phyto

Robineau-Desvoidy, e.g. P. armadillonis Kugler, and

Mimodexia spp. show a vein Mwith a bend that is

very reminiscent of the condition found in most

Calliphoridae, i.e. bent in an almost right angle

(Rohdendorf 1935: fig. 82; Kugler 1978: figs. 11,

26). These species, however, do not seem to be close

to the basal splits within the family and their venation

is accordingly more parsimoniously regarded as ho-

moplasic.

No Anthomyiidae possess a bent vein M, but in the

Muscidae many Muscinae have this vein distinctly

bent. However, as no other Muscidae to my know-
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ledge share this condition, it is not considered a

groundplan state of the family.

Character 16. - Wing vein Sc; course

- with a convexity at level of humeral

break, 1 - straight at level of humeral break.

As noted by Herring (1955), vein Sc of all

Oestridae takes a parallel course relative to the costa

until it bends towards it, ultimately reaching the wing

margin (Wood 1987a: figs. 5-8). In the Muscidae and

the Anthomyiidae and the non-oestrid members of

the Tachinidae family-group, this vein has a distinct-

ly convex part (relative to the anterior wing margin)

at level of, or just distal to the humeral break

(McAlpine 1981: fig. 69).

Character 17. - Wing vein R,; configuration at level

of subcostal break

- with a knob, 1 - without a knob.

In most Calyptratae, and certainly in the non-oes-

trid taxa included in the present analysis, vein R, has

a small knob on the anterior surface at the level where

subcosta bends towards costa. This has been taken as

vestiges of a crossvein (sc-r) connecting subcostal and

radial veins (McAlpine 1981). All botflies examined

by me lack this knob of R,.

Character 18. - Posterodorsal surface of stem vein

(remigium); setosity

- bare, 1 - setulose.

To my knowledge, all members of Chrysomyinae,

Rhiniinae and Toxotarsinae possess the setose condi-

tion (1). Only two other occurrences of a setose remi-

gium are known within the Tachinidae family-group:

in two species of Mesembrinellinae, Mesembrinella

bellardiana Aldrich and M. peregrina Aldrich, and in

Pollenia atramentaria (Meigen) of the Polleniinae. As

P. atramentaria does not seem to be the sister group

of all remaining Polleniinae, I have scored the

groundplan of this subfamily for a bare remigium (0).

The groundplan of the Mesembrinellinae, however,

has been scored as unknown for this character as the

genus Mesembrinella Giglio-Tos seems to be defined

exclusively on the possession of three (instead of two)

humeral bristles (Guimarâes 1977), which probably is

plesiomorphic at this level. Thus, I cannot exclude

that M. bellardiana and M. peregrina are included in

the basal dichotomy of this subfamily.

Character 19. - First anal vein; length relative to

wing margin

- extending to or almost to wing margin,

1 - reduced and ending in wing membrane

distinctly before wing margin.

I have not seen any Muscidae, except for members

of the Eginiini, with an extended A,, and Huckett &

Vockeroth (1987: 1116) stated that for the Nearctic

Muscidae this vein is 'always incomplete'. As already

mentioned, I have accepted the inclusion of Eginiini

within the subfamily Phaoniinae of the Muscidae,

and the groundplan of the family has been scored as

reduced (1) for the present character. In the

Anthomyiidae very few genera, Acridomyia

Stackelberg and Coenosopsia Malloch, have a reduced

first anal vein, but as there is no reason to consider

these genera close to each other and neither as sister

group of the remaining Anthomyiidae (V. Michelsen,

pers. comm.), the reduction is probably derived inde-

pendently. The family has accordingly been scored

for an extended first anal vein (0). In the Tachinidae

family-group all members of Bengaliinae and

Gasterophilini possess an extended first anal vein. In

the Cuterebrinae Neocuterebra possess an extended

first anal vein, but as all other species have a distinct-

ly shortened vein the groundplan of this subfamily

has been scored as unknown. A few genera in the

Tachininae (e.g. Siphona Meigen) and

Rhinophoridae [Malayia) show the extended condi-

tion. These instances are all considered as derived.

Character 20. - Base of vein R^.^; setosity

- bare, 1 - setulose.

The large majority of species within the Tachinidae

family-group possess some serulae on the upper sur-

face of the base of vein R^,^, either as a few setulae at

the very base (actually the common base of R,., and

R4,5) or as a distinct row along the vein. Usually, set-

ulae are present on the lower surface as well. In the

Cuterebrinae, the base of R4,5 is setose in Dermatobia

hominis ind the Cuterebra examined by me, while it is

bare in Neocuterebra and Ruttenia. Gyrostigma +

Gasterophilus of the Gasterophilini show the bare

condition, Cobboldia the setose. All Oestrinae seen

possess the setose condition, while both conditions

occur in the Hypodermatinae. In the Polleniinae, all

species of Morinia Robineau-Desvoidy and

Melanodexia Williston have this vein bare while it is

setulose in Pollenia. The Polleniinae has therefore

been scored as unknown for this character, although

the absence most probably is apomorphic for Morinia

+ Melanodexia, as already noted by Rognes (1991:

209). The only other instance of a bare base of vein

R,,^ within the Tachinidae family-group known to

me is in the Phyto carinata species-group of the

Rhinophoridae (Pape 1987b), but several others may
occur. A setulose base of vein R,,^ occurs sporadically

in the Muscidae, e.g. species of Graphomya

Robineau-Desvoidy, Musca Linnaeus, Neomyia, and

Stomoxys Geoiïroy (Huckett & Vockeroth 1987: figs.

21-30, Zumpt 1973: fig. 94), but not in

Achanthiptera rohrelliformis (Robineau-Desvoidy),

the sole member of subfamily Achanthipterinae.
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Achanthiptera Rondani has abdominal spiracle 6 re-

tained in the female tetminalia and has for this reason

been considered as one branch of the basal dichotomy

of the family (Carvalho 1989). Huckett & Vockeroth

(1987: 1117), however, found the female abdominal

spiracle 6 retained 'in a few exotic species of several

subfamilies', which weakens the argument that

Achanthiptera should be considered a basal lineage.

Awaiting more knowledge of muscid phylogeny, I

have scored the groundplan as unknown for this char-

acter. I have not seen any Anthomyiidae showing the

setose condition.

Character 21.- Lower calypter; shape

- narrow, 1 - oval, 2 - broad, 3 - tongue-

shaped.

With the convincing exclusion oî Melanomya (here

including Angioneura Brauer & Bergenstamm) from

the Rhinophoridae presented by Downes (1986),

Rognes (1986, 1991) and Pape (1986a), all

Rhinophoridae possess a lower calypter, which is

bigger than the upper calypter, diverging from the

scutellum, and either slightly roundish or parallel-sid-

ed for part of its length (3). Species of the Rhiniinae

possess a very rhinophorid-like lower calypter and

have been scored similarly (3), while both the broad

and tongue-shaped conditions occur in the

Chrysomyinae (broad in Chrysomya Robineau-

Desvoidy, tongue-shaped in all others), and the

groundplan of this subfamily has been scored as un-

known.

The Anthomyiidae are scored for the widespread

narrow state (0), where the lower calypter does not

exceed the upper calypter in size. However, examples

occur where the lower calypter is subequal to or even

exceed the upper calypter in length (Huckett 1987),

and the character needs reconsideration. The
Muscidae are difficult to score as numerous states oc-

cur, ranging from the rather short type found in

Achanthiptera rohrelliformis with a posterior margin

running almost perpendicular to the median plane, to

lower calypteres fully as large and broad as those of

the Tachinidae family-group. The oval type of the

Muscidae (Huckett & Vockeroth 1987: fig. 15),

which is smaller and slightly more tapering than the

condition found in the Rhinophoridae, seems to be

most widespread (and incidentally also the most com-

mon) and is here postulated as groundplan. Further

knowledge of muscid infrafamilial phylogeny is need-

ed.

The groundplan of all other terminal taxa seems to

be characterised by the broad type with the median

margin following scutellum for a considerable dis-

tance before turning outwards almost perpendicular

to the median plane. The several non-rhinophorid

and non-rhiniine taxa of the Tachinidae family-group

with diverging lower calypteres, e.g. Cinochira and

Cylindromyiella (Tachinidae: Phasiinae), some species

oi Johnsonia Coquillett and Neophyto Townsend (Sar-

cophagidae: Sarcophaginae), Morinia (Calliphoridae:

Polleniinae), and Melanomya (Calliphoridae:

Melanomyinae) are easily classified as derived from

the broad condition by simple outgroup comparison

within their respective subfamilies. Morinia, for ex-

ample, may be the sister group of Melanodexia (cor-

roborated by black body colour and absence of setae

on wing vein R4,5), and the tongue-shaped condition

in Morinia is therefore most parsimoniously consid-

ered apomorphic at this level as Melanodexia and all

other Polleniinae have broad lower calypteres.

Likewise, if it is accepted that the Miltogrammatinae

are the sister group of a monophyletic Para-

macronychiinae + Sarcophaginae (Kurahashi 1975;

Pape 1986b, 1987a; present analysis), the presence of

broad lower calypteres in all species of both non-sar-

cophagine subfamilies is convincing evidence that the

possession of narrow lower calypteres in Johnsonia

and Neophyto is apomorhic. Downes (1986), howev-

er, takes the opposite standpoint and argues from a

functional viewpoint. Broad lower calypteres are seen

as independent adaptations to increase flight speed

and agility, and the 'primitive-looking' groups are

considered as having been 'shunted off from the

mainstream of calyptrate evolution' (p. 17). Species

of the Tachinidae family-group are generally very ag-

ile flyers compared to most Muscidae and

Anthomyiidae, and this may indeed be correlated

with the size of the lower calypteres. Flight patterns,

however, are the functional manifestations of mor-

phological and physiological character states and are

thus obviously subject to reversals and homoplasy. I

see no reason or argument for postulating a main-

stream calyptrate evolution. It is more parsimonious,

i.e. requires less ad hoc assumptions, to consider the

shape of calypteres in Neophyto, Johnsonia and the

Rhinophoridae as independent evolutionary events.

Character 22. —Abdominal sternite 2; degree of

exposition

- freely exposed but only separated from

margins of tergite 1+2 by a narrow strip of

unfolded membrane, 1 - contiguous with

or slightly overlapped by margins of tergite

1+2, 2 - completely overlapped by margins

of tergite 1+2, 3 - overlapping margins of

tergite 1+2, 4 - freely exposed and widely

separated from tergal margins by more or

less folded membrane.

The degree of exposition of the non-terminal ab-

dominal sternites is a character of diagnostic value,

but I have focused on sternite 2 rather than all of ster-

nites 2-5 as this may be the easiest to score. The
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Sarcophagidae are very homogenous, with abdominal

sternite 2 distincdy overlapping margins of corre-

sponding (syn)tergite in all but the aberrant and obvi-

ously apomorphic Asilodexia Townsend (Sar-

cophaginae). The Calliphoridae are more varied,

from a perfectly muscid-like condition in the

Mesembrinellinae to a rhinophorid-like condition in

some Melanomya, the Helicoboscinae, and the

Ameniinae. The configuration in the Rhinophoridae

is here scored like the Ameniinae and Helicoboscinae

(1) as I have no a priori K^son to consider them non-

homologous. The Phasiinae have been scored like the

Rhinophoridae, although exceptions occur.

Character 23. - Alpha setae; presence/absence

- present, 1 - absent.

Alpha setae (sensilla trichodia) are found wide-

spread in most Rhinophoridae and scattered in the

Tachinidae (Lehrer 1973, Tschorsnig 1985b). They

are absent from the Ameniinae (Rognes 1986), but

are found in at least some species of all other sub-

groups of the Calliphoridae here recognized. No spe-

cies of Sarcophagidae are yet known to possess alpha

setae. The few botflies examined by me for this char-

acter ( Cuterebra atrox Clark, Gasterophilus intestinalis

(De Geer), Hypoderma tarandi (Linnaeus), Oestrus

oî'M Linnaeus) had no alpha setae, but what appears to

be typical alpha setae is shown for Dermatobia homi-

nis (Cuterebrinae) and Cobboldia chrysidiformis

Rodhain & Bequaert by Patton (1935b, 1937).

Character 24. - Female abdominal sternite 8;

median division

- entire, 1 - divided.

Depending on the degree of sclerotization of the

median part of the female abdominal sternite 8, this

may appear complete (0) or divided (1). The charac-

ter was extensively discussed by Herring (1957) and

needs only few additional comments. I have scored all

taxa of the Tachinidae family-group for the entire (or

undivided) condition although a few exceptions oc-

cur. In the Hypodermatinae, Hypoderma Latreille

provides examples of a completely divided female

sternite 8 (Wood 1987a: fig. 14). This may, however,

be shown to be a derived condition by reference to

the undivided condition found in the genera

Oestromyia and Portschinskia Semenov, which are

considered as basal lineages of the subfamily (Grunin

1965). Calliphora stelviana (Brauer & Bergenstamm)

of the Calliphorinae is another example (Rognes

1991: fig. 182), but here considered derived within

its subfamily.

Character 25. - Spermathecal ducts; configuration

relative to uterus

- two ducts fused just before entering the

uterus, 1 - all ducts enter the uterus sepa-

rately.

Within the Schizophora and possibly within all of

the Cyclorrhapha, it seems to be a groundplan condi-

tion that two of the three spermathecal ducts join

each other shortly before ending in the uterus, thus

leaving the latter with only rwo openings leading to

the spermathecal ducts (Griffiths 1982, Wiegmann

1989). Note that McAlpine (1989: 1429) considered

the groundplan of the Calyptratae to have all three

spermathecal ducts reaching the uterus separately,

relying on Sturtevant (1925-26). The latter author,

however, never made extensive dissections of calyp-

trate taxa.

Griffiths (1982), referring to unpublished data

from B. A. Holloway, delimits a clade of the

Tachinidae family-group consisting of the

Sarcophagidae, Tachinidae and Oestridae based on

the complete separation of all three spermathecal

ducts at junction with the uterus. My own dissec-

tions, however, have revealed another pattern (table

1). I have found the 'fused' condition with only 2

openings in the Muscidae (other non-tachinoid cal-

yptrate families not examined by me), in the

Cuterebrinae and Hypodermatinae, which are the

only botfly subfamilies examined (figs. 4, 5), and in

all calliphorid subfamilies except Helicoboscinae,

Bengaliinae and Phumosiinae (table 1). All

Rhinophoridae and Tachinidae examined possess

three separate openings. It should be noted that fig-

ures of female reproductive organs drawn for other

purposes may be unreliable with respect to this char-

acter, e.g. that of Mesembrinella peregrina illustrated

by Guimaräes (1977: figs. 39, 40). It is shown to pos-

sess the 'all-separate' condition. In the Sarcophaginae

only Sarcodexia lambens (Wiedemann) is known to

have two openings, but this is apparently an autapo-

morphic condition with the common spermathecal

duct very long (Lopes 1941: figs. 8, 10). Among the

species of Miltogrammatinae and Paramacro-

nychiinae dissected by me, none possess the 'fused'

condition with two spermathecal ducts joining close

to the uterus (table 1). All possess three separate

openings, but the openings may be so close to each

other that they superficially appear as one. In

Sarcotachina subcylindrica Portschinsky and

Sarcophila latifrons (Fallen) (figs. 6, 7), both of the

Paramacronychiinae, and in Metopia argyrocephala

(Meigen) of the Miltogrammatinae, the three sper-

mathecal ducts open into a more or less tube-like or

stalk-like pouch of the uterus. More dissections of

species close to the basal splits within the

Miltogrammatinae and the Paramacronychiinae are

needed to settle the groundplan condition for these

two subfamilies - and thereby probably for all of the

Sarcophagidae. This is important as it could be
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Table 1. Species dissected for examination of configuration

of spermathecal ducts relative to uterus (character 25). 1:1:1

indicates that all spermathecal ducts enter the uterus or a

common uterine pouch separately. 1:2 indicates that two

spermathecal ducts are fused just before entering the uterus

or a common uterine pouch. Subfamilial assignment indi-

cated where possible.

MUSCIDAE
Achanthipterinae

Achanthiptera rohrelliformis

RHINOPHORIDAE
Melanophora roralis

Phyto melanocephala

Rhinomorinia sarcophagina

SARCOPHAGIDAE
Miltogrammatinae

Metopia argyrocephaia

Xiphidiella anorubra

Paramacronychiinae

Brachicoma devia

Nyctia halterata

Sarcophila sp.

Sarcotachina aegyptiaca

Sarcophaginae

Btaesoxipha batilligera

Ravinia pemix
Tricharaea sp.

1:2

1:1:1

1:1:1

1:1:1

1:1:1

1:1:1

1:1:1

1:1:1

1:1:1

1:1:1

1:1:1

1:1:1

1:1:1

TACHINIDAE
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is clearly reduced in the former species, slightly re-

duced in the latter. All Cuterebrinae may have spher-

ical, equal-sized spermathecae, although I have exam-

ined only Dermatobia hominis (fig. 4) and Cuterebra

atrox, but see also the figure of C. fontinella Clark in

Patron (1935b, fig. 6). The Mesembrinellinae and

Phumosiinae have elongated spermathecae, which

may vary somewhat in size, but both taxa have been

scored for equal sized spermathecae (0).

I have scored the Tachininae as having spermathe-

cae of equal size, thereby considering the few instan-

ces of loss of one spermatheca, e.g. in Siphona

(Andersen 1983), as secondary.

Character 27. - Male sternite 5; configuration of

posterior margin

- deeply emarginated, 1 - simple or with

a shallow emargination.

Although the posterior outline of the male sternite

5 shows much variation, the shallow posterior emar-

gination in all Oestridae and in the subfamily

Paramacronychiinae of the Sarcophagidae is very dis-

tinct. In the Miltogrammatinae Chrysogramma and

Eumacronychia show a typical deep emargination,

while the remaining members of the subfamily have

no or a shallow emargination. The groundplan for

the Miltogrammatinae has been scored as unknown.

Character 28. - Male tergite 6; connection to

syntergosternite 7+8

- free, 1 - fused.

The fused condition is found in all of

Paramacronychiinae and apparently in all Oestridae.

The fused condition occurs scattered elsev/here in the

Tachinidae family-group but cannot be ascribed to

the groundplan of any other terminal taxon consid-

ered here.

Character 29. - Male bacilliform sclerites;

configuration

- well developed and parallel, 1 - reduced

and more or less perpendicular to the me-

dian plane.

All Sarcophagidae possess reduced bacilliform

sclerites (processus longi, divided sternite 10).

Usually only very short sclerites remain, and if dis-

tinct these are always more or less perpendicular to

the median plane. The groundplan of all non-sarco-

phagid terminal taxa scored here is characterized by

distinctly developed bacilliform sclerites, which are

parallel and directed posteriorly.

Character 30. - Gonostylus; presence/absence of

basal apodeme
- apodeme not present, 1 - apodeme

present.

It has been known for decades, that some or most

tachinoid calyptrates possess a small sclerite at the

base of the gonostylus (paramere of McAlpine

(1981)). This sclerite is figured but unnamed in

Rohdendorf (1937), named 'Gelenkfortsatz' by Salzer

(1968), 'additional forceps' by Lopes (1975), and 'ba-

sal parameral apodeme' by Pape (1990). The impor-

tance, in a phylogenetic context, of the presence/ab-

sence of this sclerite, was first recognized by

Tschorsnig (1985a, b). The latter author found this

structure in all Tachinidae, Sarcophagidae,

Rhinophoridae, and Calliphoridae examined, but not

in the few members of the Gasterophilinae, Oestrinae

and non-tachinoid Calyptratae examined.

Accordingly, he favoured the hypothesis of Hennig

(1976) that the Oestridae are the sister group of all

other members of the Tachinidae family-group

(Tschorsnig 1985a: 10). Rognes (1991) found no go-

nostylar apodeme in Cephenemyia trompe (Modeer)

(Oestrinae) and Hypoderma tarandi

(Hypodermatinae). I have examined males of

Cobboldia chrysidiformis, several Gasterophilus,

Hypoderma bovis (Linnaeus) and Oestrus ovis

Linnaeus, which all had no apodeme. However,

males of Cuterebra neomexicana Sabrosky, Oestromyia

leporina (Pallas) and Cephenemyia trompe examined

by meshow an unambiguous, although small and eas-

ily overlooked apodeme at the base of the gonostylus

(fig. 1). In a single specimen oi Ruttenia loxodontis cii.-

amined, it appears as if the gonostylar apodeme is

partly fused to the gonostylus. Therefore, the ground-

plan of the Cuterebrinae is scored as present (1), that

of Gasterophilini and Cobboldiini as absent (0), and

that of Hypodermatinae and Oestrinae as unknown

(both states occur). A more careful search for this eas-

ily overlooked apodeme in the Oestridae is needed.

The sclerite may be homologous to the gonostylar

apodeme found in other Diptera, part of the gonosty-

lus proper, or a unique sclerite arisen de novo in the

Tachinidae family-group. Contrary to the internal

gonostylar apodeme found in other Diptera it forms

part of the external cuticle, and the first possibility

seems uncorroborated or even falsified. As nothing

seems to indicate that the apodeme should have split

from the base of the gonostylus, I am in favour of a de

novo origin, but note that the use of the presence/ab-

sence of this apodeme in a phylogenetic context does

not require an explicit interpretation of its potential

homology with structures found in groups not in-

cluded in the analysis.

Character 31. - Phallus; ventral surface of distal

section

- smooth, 1 - with sclerotized denticles.

The denticles ('Körnchen oder Dörnchen' of

Tschorsnig (1985b: 61)) are found throughout the
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Tachinidae family-group, and they usually cover a

large part of the ventral surface. They are absent from

the acrophallus and part of the ventral surface in the

calliphorid subfamilies Melanomyinae and

Polleniinae (Rognes 1991). In the Sarcophagidae

they are absent in several members of the sarcophagid

subfamily Paramacronychiinae, e.g. Goniophyto

Townsend, Wohlfahrtia Brauer & Bergenstamm and

SarcophiLi Rondani. They are restricted to the lateral

styli in many Sarcophaginae. In the Tachinidae,

Tschorsnig (1985b) recorded an absence of phallic

denticles in part of the subfamily Phasiinae. All taxa

of both the Sarcophagidae and the Tachinidae, how-

ever, have been scored as denticled (1) because no ev-

idence is present that favour a basal position of the

'non-denticled' taxa. In the Gasterophilinae, denticles

are present in Cobboldia (Patton 1937), absent in

Gasterophilus. I have not examined Gyrostigma for this

character. Similar phallic denticles are absent from

the Muscidae (personal observations, few samples),

and in non-tachinoid Calyptratae they are known on-

ly from a subgroup of Delia Robineau-Desvoidy

(Anthomyiidae), where the condition most probably

has developed independently (Griffiths 1982).

Character 32. - Dorsolateral phallic processes; apical

configuration

- confluent with distiphallic wall throug-

hout, 1 - separate from wall of distiphallus,

i.e. with a free tip.

Rognes (1986, 1991) stressed the phylogenetic im-

portance of the free-tipped condition and considered

this as synapomorphic for Calliphoridae and

Rhinophoridae.

Subfamilies of the Sarcophagidae and Tachinidae

have been scored as inapplicable for this character as

their dorsolateral processes are fused along the dorso-

median line. Some Sarcophaginae possess what ap-

pears to be free dorsolateral processes, most notably

Sarcodexia lambens (fig. 2) but also some species of

Blaesoxipha Loew subgenus Acridiophaga Townsend.

These processes, however, although derived from the

dorsal plate, are probably not homologous to the pro-

cesses seen in the Calliphoridae. A very large clade in

the Sarcophaginae, containing both Sarcodexia

Townsend and Blaesoxipha, is defined by the presence

of a transverse, desclerotized strip distally on the dor-

sal side of the phallus, separating what is generally

called a juxta from the more proximal part of the dor-

sal plate. The juxta may well contain elements of the

fused dorsolateral processes, which means that any

free sclerotized prongs in juxtate Sarcophaginae can-

not be considered homologous to the free tips of the

dorsolateral processes in Calliphoridae and

Rhinophoridae.

All calliphorid subfamilies have been scored for free

tips except the Bengaliinae and the Rhiniinae. For the

Bengaliinae, my knowledge of phallic structures is

rather limited, and the groundplan of dorsolateral

processes has been scored as unknown/inapplicable.

As dorsolateral processes in the Rhiniinae seem to

have fused in the dorsomedian line, the character has

been scored as unknown/inapplicable as in the

Sarcophagidae and Tachinidae (see discussion under

character 34 below).

All Hypodermatinae possess sclerotized processes

laterally or dorsolaterally on the phallus and with tips

just free of the wall (see figures in Grunin 1965). No
other member of the Oestridae possesses similar pro-

cesses. These processes are strikingly similar to the

dorsolateral phallic processes of the Calliphoridae,

and apical microserration may suggest a similar func-

tion. They differ, however, by apparently originating

from the lateral plates rather than from the dorsal

plate. Rudiments of the dorsolateral processes may be

seen at the base of the dorsal plate (Grunin 1965: fig.

123). This puts serious doubt on the homology to the

dorsolateral processes seen elsewhere in the

Tachinidae family-group and I have scored the

Hypodermatinae for the confluent condition.

Both Rognes (1986) and Pape (1986a) found no

examples of free dorsolateral processes in the

Tachinidae, and checking the numerous illustrations,

e.g. in Wood (1972), Shima (1986, 1988),

Tschorsnig (1985b) and Cantrell (1988), does not re-

veal any. It should be noted, however, that Malayia

and some undescribed Bezzimyia (Pape unpubl.) pos-

sess free tips of dorsolateral processes, but I regard

Figs. 1-3. Details of male terminalia. - 1. Cuterebra neomexicana S^hrosky (Oestridae: Cuterebrinae), phallus, gonocoxite and

gonostylus, posterior view; 2. Sarcodexia lambens (Wiedemann) (Sarcophagidae: Sarcophaginae), phallus, dorsal view; 3.

Bezzimyia SY>. (?Rhinophoridae), phallus; a = distiphallus, dorsal view, b = phallus, lateral view. Abbreviations: DP = dorsolat-

eral process, G = gonocoxite, P = gonostylus, PA = gonostylar apodeme.

Figs. 4-7. Female internal genitalia, ovaries omitted. - 4. Dermatobia hominis (Linnaeus, Jr.) (Oestridae: Cuterebrinae), only

one accessory gland shown; 5. Hypoderma tarandi (Linnaeus) (Oestridae: Hypodermatinae), with enlarged subset showing

junction of spermathecal bases with uterus; 6. SarcophiLi sp. (Sarcophagidae: Paramacronychiinae), with only one spermath-

eca shown and enlarged subset showing junction of ducts from spermathecae and accessory glands with uterus; 7. Nyctia hal-

terata (Scopoli) (Sarcophagidae: Paramacronychiinae) with only one spermatheca shown. Abbreviations: AG = accessory

gland, IP = remnants of incubatory pouch, O = uterus, S = spermatheca. Scale bar = 0.1 mm.
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these to be Rhinophoridae as already discussed.

The Rhinophoridae have been scored as unknown

for the present character as both conditions are of

widespread occurrence. Processes free from distiphal-

hc wall are found in Mimodexia, Malayia, Phyto and

some Bezzimyia; processes confluent with distiphallic

wall are present in remaining genera (see figures in

Tschorsnig (1985a) and Pape (1986a)). The present

knowledge of generic phylogeny is largely that of

Tschorsnig (1985a) and Pape (1986a), with addition-

al comments in Pape (1987d), but both authors did

not consider Bezzimyia and Malayia. A proper evalu-

ation of the most probable groundplan state is there-

fore not possible at present.

As I have never encountered distinctly free tips of

dorsolateral processes within Muscidae and

Anthomyiidae, these have been scored as confluent

(0). This is in agreement with Hennig (1976: 690),

who pointed out the free tips of the calliphorid dorso-

lateral processes and mentioned that dorsolateral pro-

cesses in the Anthomyiidae were confluent with the

distiphallic wall ('Bei den Anthomyiidae scheinen

[die dorsolaterale Fortsätze] nur die Seitenteile einer

geschlossenen in der Mitte membranösen oder eben-

falls skierotisierten Dorsalwand zu bilden).

Character 33. - Acrophallus; position

- strictly terminal, 1 - on ventral surface

of phallus.

All terminal taxa except the sarcophagid subfami-

lies Paramacronychiinae and Sarcophaginae possess a

groundplan phallus with the spermexit almost per-

fecdy terminal and situated on the longitudinal axis

of the phallus, although this may be curved in the me-

dian plane. A very characteristic modification of both

the paramacronychiine and sarcophagine phallus is

the position of a very well-defined acrophallus ven-

trally on the distal part of the phallus.

Character 34. - Dorsolateral phallic processes;

dorsomedian configuration

- separate, 1 - fused.

Phallic dorsolateral processes are here considered

homologous throughout the Tachinidae family-

group with the exception of the juxtate

Sarcophaginae discussed under character 32 above.

Tschorsnig (1985b: 1 19) suggested that the dorsolat-

eral processes of the Calliphoridae and Rhino-

phoridae were homologous to the dorsal extension

found in the Tachinidae, which I fully accept. To my
knowledge, separate dorsolateral processes are un-

known in the Tachinidae (if the exclusion oi Malayia

and Bezzimyia is accepted), and the tachinid taxa have

been scored as fused (1), although some species may
lack dorsolateral processes altogether. In the

Sarcophagidae, all species possess fused dorsolateral

processes (see for example Pape 1986c: figs. 1-4, Pape

1987a: figs. 29-33). Although some members of the

subfamily Miltogrammatinae may have the dorsal

plate partly desclerotized medially, they never present

fully separate dorsolateral processes. The Hypo-

dermatinae have been scored as unknown for this

character as I consider the dorsolateral plates to be re-

duced.

I have not been able to fully evaluate the phallic

groundplan of the Anthomyiidae and Muscidae,

which have been scored as unknown.

Character 35. - Uterus; presence of ventral bilobed

pouch

- not present, 1 - present.

A bilobed uterine pouch for embryonating eggs is

found in the Sarcophagidae and seems here to be

present without exceptions. In the botflies, all

Oestrinae have a bilobed sac or pouch extending from

the uterus, and although somewhat different in shape

and tracheation, the Oestrinae have been scored like

the Sarcophagidae (1). In the Tachininae (as here de-

fined) eggs are retained (incubated or embryonated)

in the uterus, which often becomes greatly distended,

but no pouch is formed. Eurychaeta palpalis

(Robineau-Desvoidy) of the Helicoboscinae has a

pouch-like extension of the uterus, but this is never

bilobed (Rognes 1986). Large incubatory pouches are

known from Bellardia Robineau-Desvoidy and

0««MRobineau-Desvoidy (Calliphorinae), but these

are lateral (Rognes 1991).

Character 36. - Oviposition behaviour; deposition

relative to food source

- eggs (or larvae) deposited directly on

the larval food source, 1 - eggs (or larvae)

deposited away from the food source.

As correctly stated by Wood (1987b: 1189), the

deposition of eggs away from the host in the

Rhinophoridae is 'unusual among calyptrates'.

McAlpine's (1989: 1501) claim that this is a plesio-

morphic groundplan character state of this family is

simply unsupported and may have come from

Crosskey's (1977: 6) statement that the Rhino-

phoridae possess an 'oviposition habit of great sim-

plicity and apparent primitiveness'.

Another instance of oviposition away from the host

is found in the genus Pollenia. As the biology of oth-

er genera of the Polleniinae is largely unknown, this

subfamily has been scored as 1 . I know of no other

calliphorid subfamily (as here defined), where ovipo-

sition away from the food source is a groundplan

character state. Within the Sarcophagidae,

Sarcophaga Meigen (s.str.) and at least some species of

Miltogrammatinae {Phrosinella Robineau-Desvoidy

and Eumacronychia) possess state 1 (Eberhardt 1955,
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Downes 1955, Lopes 1982a). As the groundplan of

all other sarcophagid genera, for which extensive bio-

logical knowledge exists, seems to be characterised by

state 0, the sarcophagid subfamilies have been scored

as such. The gluing of eggs to the host-wasp carrying

prey to the nest within some Miltogrammatinae (Day

& Smith 1980) is here considered derived. Within

the Oestridae, all Cuterebra oviposit in places fre-

quented by the host, but never directly on a host spec-

imen. Dermatobia hominis uses a carrier for its eggs,

while the habit of oviposition for Neocuterebra and

Ruttenia is unknown. Almost all non-cuterebrine bot-

flies ovi- or larviposit directly on their host. One ex-

ception is Gasterophilus inermis (Brauer), which de-

posits eggs on grassblades and the like. This is here

considered a derived condition. Within the

Hypodermatinae, species of Portschinskia seem to

produce eggs without any attachment apparatus

(Grunin 1965), but no observation has been made of

the oviposition, nor have any naturally deposited eggs

been found. Grunin (1965) suggested an oviposition

behaviour similar to that of Cuterebra, and I have

scored the groundplan of the Hypodermatinae as un-

known for this character.

Character 37. - Egg, ventral surface

- not glued to substrate, 1 - glued to

substrate.

Many members of the Calyptratae will deposit eggs

that are sticky and therefore adhere to the surface on-

to which they are positioned. This, however, is easily

distinguished from the condition of all oviparous

members of the Oestridae and Tachinidae, where

eggs are glued firmly to the substrate. The
Sarcophagidae are mainly ovi-larviparous but some

will deposit embryonated eggs ready to hatch, espe-

cially when an ample larval food source induces pro-

lific larviposition. In the subfamily Miltogram-

matinae, some species may glue eggs to the host wasp

(Day & Smith 1980), while others deposit eggs freely

(Maneval 1929), and the groundplan of this subfam-

ily has been scored as unknown with regard to this

character. Nothing is known on egg structure and

deposition in Neocuterebra and Ruttenia.

Character 38. - Egg; hatching mechanism
- by peeling offa long flap, 1 - by discar-

ding an anterodorsal cap.

In the Tachinidae, eggs of the non-embryonating

groups Phasiinae and the Exorista genus-group pos-

sess anterior cleavage lines flanking the aeropyles and

delineating a somewhat operculum- or caplike struc-

ture through which the larva emerges (Herring I960,

Wood 1987c: fig. 110.264). This is very similar to

the condition in plastronate groups, although with

shorter hatching sutures. I have scored both groups as

0. Many different hatching mechanisms are known
from the Tachininae, and they have been scored as

unknown with regard to the groundplan for this char-

acter. Very little is known about egg structure and

function in the Sarcophagidae (scored as inappli-

cable/unknown), but eggs of at least one species of

Miltogrammatinae hatch through pushing off an an-

terior egg cap or operculum (Day & Smith 1980). In

the genus Sarcophaga (s.l.), no preformed lines or

weaknesses seem to exist, and the larva emerges by

bursting the chorion (Baudet 1980). Eggs of all ovip-

arous Oestridae hatch by discarding an anterodorsal

cap (Wood 1987a: fig. 15, 17).

Within the Calliphoridae, Booponus of the

Bengaliinae is to my knowledge the only known tax-

on with a somewhat oestrid-like hatching mecha-

nism.

Character 39. - Progeny at deposition; stage of

development

- unembryonated eggs, 1 - embryonated

eggs or prehatched first instar larvae (ovo-

larviparous), 2 - larvae that for an extended

period have received nourishment within

the uterus (true larviparous).

In the Sarcophagidae, eggs do not necessarily hatch

immediately upon deposition. They are always em-

bryonated and except for Sarcophaga nigriventris

Meigen, which is stated to deposit second instar lar-

vae (Séguy 1965), I know of no cases of sarcophagid

larvae being nourished in utero. In a species of

Oebalia Robineau-Desvoidy, which oviposits directly

on the 'host' carrying the prey, the first instar larva

within the egg is fully mature and postpones hatching

simply to await being transported to the host nest by

its carrier (Day & Smith 1980). No embryonation

takes place in the Rhinophoridae, and in the

Oestridae only in the larviparous subfamily

Oestrinae. All Phasiinae are stated by Wood (1987c)

to deposit unembryonated eggs, and the Tachininae

are here defined as including all embryonating

Tachinidae.

Within the Calliphoridae the macro- or unilarvip-

arous habit of the Helicoboscinae, Ameniinae,

Phumosiinae and Mesembrinellinae is well known,

but only the Mesembrinellinae will nourish the larvae

during intra-uterine life (Rognes 1986, Crosskey

1965, Guimaraes 1977, Ferrar 1978).

Character 40. - Mandible of first instar larva;

relative development

- present as a distinctly sclerotized plate,

1 - reduced to an ill-defined sclerotization

on side of mouth opening.

In all Tachinidae, what is probably a reduced man-

dible is present as 'a vaguely defined sclerotized area
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on side of mouth opening, without hook-üke

extension' (Wood 1987c: 1 196). None of the non-ta-

chinid terminal taxa applied here has a similar man-

dibular reduction as a groundplan feature. Note that

McAlpine's (1989) statement that calliphorid first in-

star larvae lack paired mandibles is erroneous and was

taken uncritically from Hennig (1973). All

Calliphoridae possess easily recognizable paired man-

dibles in the first instar larva, although sometimes

quite small (Rognes 1991).

Character 41.- Labrum of first instar larva;

connection to remaining cephalopharyngeal skeleton

- labrum more or less connected to, but

always distinct from remaining cephalop-

haryngeal skeleton, 1 - labrum firmly fused

to, and contiguous with remaining cephal-

opharyngeal skeleton.

The unique cephalopharyngeal skeleton of the first

instar tachinid larva is discussed and described suffi-

ciently in the literature (e.g. Ferrar 1987). With no

exceptions within the Tachinidae, and no homopla-

sies in the possible groundplan of any of the other ter-

minal taxa, this character needs no further explana-

tion.

Character 42. - Segments of first instar larva;

development of spines

- without bands of strong spines, 1 - with

bands of strong spines.

First instar larvae of all Oestridae are well-known

for their bands of usually strong spines (Grunin 1965,

1966, 1969; Wood 1987a). These spines are always

present in the first instar but may be modified or re-

duced in later instars.

Character 43. - Spiracular plates of third instar

larva; development of peritreme and ecdysial scar

- complete, 1 - incomplete.

All larvae of Sarcophagidae have the peritreme in-

complete ventro-medially and the ecdysial scar from

the second instar posterior spiracles is absent or indis-

tinct. A similar configuration belongs to the ground-

plan of the calliphorid subfamily Chrysomyinae

(Rognes 1991). In the Cuterebrinae both Dermatobia

and Neocuterebra show an incomplete peritreme

while that of Cuterebra is complete. The cuterebrine

groundplan has been scored as unknown for this

character.

Character 44. - Posterior spiracles of second and

third instar larva; position relative to surface

- more or less level with surrounding sur-

face, 1 - set in a recession or cavity.

In the Sarcophagidae, close to all species for which

larval morphology is known have the posterior spira-

cles concealed in a distinct recession. The only excep-

tions known to me are species of Amobia Robineau-

Desvoidy sensu stricto (Miltogrammatinae),

Macronychia, and at least some Tricharaea

(Sarcophaginae), but these are here considered homo-

plasies. Somewhat similar conditions in the

Gasterophilinae, where upper and lower lips can be

pulled together, enclosing the spiracles, and in the

Cuterebrinae, where the posterior spiracles can be

pulled into the preceding segment, are considered

non-homologous.

Character 45. - Parastomal bars of third instar larva;

presence/absence

- parastomal bars present, 1 - parastomal

bars absent.

Parastomal bars are easily recognized when present

and need no further comments (see figures in Ferrar

(1987)).

Character 46. - Posterior spiracle of second and

third instar larva; vertical position of ecdysial scar

- low (or ventrally) on the spiracular

plate, 1 - near the horizontal diameter of

the spiracular plate.

This character has not previously been discussed in

the literature, but illustrations of spiracular plates, e.g.

in Ferrar (1987), show the difference in position of

the 'low' ecdysial scar of non-botfly calyptrates com-

pared to the much higher ecdysial scar of the botflies.

Character 47. - Posterior spiracles of second and

third instar larva; configuration of openings

- three slits, 1 - a porous plate.

The porous condition is found in the Hypo-

dermatinae and Oestrinae of the Oestridae (Zumpt

1965, Howard 1980, Ferrar 1987). Cuterebra de-

serves mention as the configuration with highly tor-

tuous slits could be taken as resembling that found in

Oestrinae and Hypodermatinae (see, e.g., Baird &
Graham (1973: fig. 7D). However, the spiracular

openings are still conspicuous slits, not porous plates,

and with a clearly discernible tripartition. Typical tri-

partite slits occur in Dermatobia, Ruttenia and

Neocuterebra {¥ erra.! 1987).

Character 48. - Posterior spiracular plates of second

and third instar larva; configuration

- two isolated plates, 1 - plates fused in

the median line.

Second and third instar larvae of all members of

both Cobboldia and Gasterophilus + Gyrostigma have

the spiracular plates fused (Zumpt 1965). Ferrar

(1987: 137) mentioned that in Dermatobia hominis

'the two plates [of the posterior spiracles] are appar-

ently joined, and have a single median button
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between the slits'. Figures in Kremer et al. (1978),

however, show neither peritreme nor button. The

fused character state has not been found in any other

taxon of the Tachinidae family-group.

Character 49. - Puparium; hatching mechanism

- anterior end splits into a dorsal and a

ventral piece, 1 - anterior end splits off on-

ly one, dorsal piece.

The groundplan condition of puparial hatching in

the Cyclorrhapha (Ferrar 1987), seems to be a split-

ting off of an anterior cap, and this typically has a lat-

eral suture causing further splitting into a ventral and

a dorsal half. In the botflies, the ventral half is more or

less fused to the remainder of the puparium and the

dorsal half is flattened to a lid-like structure.

Unscored characters of potential

phylogenetic value

As mentioned previously, character matrices are

never complete, and some characters have not been

included in the analysis because of uncertainty with

regard to proper scoring. These are dealt with below

in the hope that future studies will allow inclusion in

the matrix.

Character a. - Eyes; holoptic/dichoptic condition

The typical holoptic condition with frontal vitta

completely obliterated between eyes is widespread

and common in the male sex of Calliphoridae,

Muscidae and Anthomyiidae (Fiuckett 1987: fig. 4,

Huckett & Vockeroth 1987: fig. 5, Shewell 1987a:

fig. 6). The holoptic condition occurs scattered in the

Tachinidae and is present in a few Rhinophoridae

(some Phyto and Stevenia Robineau-Desvoidy), Sar-

cophagidae {Agria Robineau-Desvoidy, Blaesoxiphella

Villeneuve) and Oestridae (some Cuterebra,

Pharyngobolus^ïzutï) . Much variation exists between

and even within genera and groundplan estimates are

difficult to assess at the subfamily and family levels.

Character b. - Intrapostocular setulae;

presence/absence

Presence of intrapostocular setulae have been used

in the definition of the Calliphoridae in spite of sever-

al exceptions: absences within the Calliphoridae as

well as occurrences outside this family (Rognes

1986). I have not made a sufficiently extensive search

for intrapostocular setulae to give a reliable scoring.

They appear to be widespread in the non-rhiniine

and non-ameniine Calliphoridae, including rare oc-

currences in the possibly basal lineage

Helicoboscinae. I have not found any intrapostocular

setulae in the Oestridae, Sarcophagidae and

Rhinophoridae. Rognes (1986:86) found such setulae

in Dexiosoma caninum (Fabricius) and Tachina fera

Linnaeus of the Tachinidae. An extensive search in

the Muscidae and Anthomyiidae is needed.

Character c. - Antennal arista; setosity

Whether the arista is bare or plumose or some in-

termediate condition is often used for diagnostic pur-

poses at various levels within the Tachinidae family-

group. The character is, however, quite variable, and

I have failed in breaking it up into only a few clearcut

states. The setose condition covers a whole array of

ry^pes, from the single row of dorsal and ventral rays in

Musca (Muscidae) to the bottle-rinser-type of

Melanophora roralis (Rhinophoridae). However, the

type with rays arranged dorsally as well as ventrally,

with at least the dorsal row being double in the proxi-

mal part, and no hairs or pubescence on the sides is

very characteristic. This 'calliphorid type' arista is

found widespread in all non-helicoboscine

Calliphoridae. Eurychaeta Brauer & Bergenstamm,

which is the sole genus of the Helicoboscinae, has a

unique arista with medium long rays on the whole

surface, although with the dorsal and ventral rays lon-

gest. Members of the Rhiniinae have either a bare or

a pectinate arista, with the latter type being identical

to the typical calliphorid type except for the lack of

ventral rays.

In the Oestridae, Dermatobia and most Cuterebra

of the Cuterebrinae possess a plumose or pectinate

calliphorid type arista. All other botflies have a com-

pletely bare arista.

No members of the Rhinophoridae and

Tachinidae possess a calliphorid type arista as here de-

fined. When a similar arista occurs in the

Sarcophagidae, like in Agria and Sarcophila of the

Paramacronychiinae, the arista often has distinct pu-

bescence on the sides. In the Sarcophaginae, a plu-

mose arista may be a groundplan feature and at least

Ravinia Robineau-Desvoidy and Oxysarcodexia

Townsend have a calliphorid type arista. In the large

Sarcophaga sensu lato, however, the arista has pubes-

cence on the sides. The apparently bare arista of the

Miltogrammatinae and several Tachinidae is covered

with short or minute pubescence.

The Rhinophoridae present several examples of a

plumose arista, but never of the calliphorid type de-

scribed above. McAlpine's (1989: 1501) statement

that a plumose arista in the Rhinophoridae is an im-

portant plesiomorphic groundplan character state is

to some extent contradicted by himself as he simulta-

neously, although tentatively, used this state as autap-

omorphic for the Calliphoridae.

My knowledge of the Muscidae and Anthomyiidae

is too sparse to give a thorough discussion on varia-

tion in aristal setosity.

More accurate descriptions ot different configura-
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tiens of aristai setosity, preferrably using SEM, and

further knowledge of their taxonomie distribution in

all of the Calyptratae are needed before this character

can effectively be used in interfamilial phylogenetic

analyses.

Character d. - Outer posthumeral thoracic seta;

position relative to the prealar seta

The position of the outer posthumeral seta outside

(i.e. lateral to) a sagittal line through the prealar seta

has often been used in the definition of the

Calliphoridae (Rognes 1986). This lateral position

seems to characterize the groundplan of all subfami-

lies except perhaps the Ameniinae, where both con-

ditions occur (Crosskey 1965), and the Polleniinae,

where the outer posthumeral seta is in line with the

prealar seta in Pollenia, absent in Morinia (Rognes

1991). The groundplan of both the Tachinidae and

Sarcophagidae has the outer posthumeral in a median

position relative to a sagittal line through the prealar

seta. Scoring the Rhinophoridae presents some pro-

blems. The outer posthumeral seta is generally absent,

but when present as a fine seta in some species of

Phyto, especially distinct in Phyto sordidisquama

Villeneuve, it is in the lateral position. A scoring as

absent would be equal to inapplicable and therefore

rather uninformative; a scoring as lateral would igno-

re all the absences. The character is inapplicable for

the Oestridae, as no bristly thoracic setae are differen-

tiated.

I have not been able to give a reliable estimate of

the groundplan for this character in the Antho-

myiidae and Muscidae.

Character e. - Ventral surface of costa between

junction with subcosta and R,; setosity

This character is diagnostically valuable for various

groups in the Calyptratae and clearly deserves more

attention (Rognes 1991: fig. 8, inset). Within both

the Calliphoridae and the Oestridae, this part of costa

is setose in the majority of species, while the bare con-

dition seems to be common and widespread in the

Tachinidae and Sarcophagidae. In the latter family

only a few genera of Sarcophaginae, e.g. Boettcheria

Parker, Emdenimyia Lopes and Notochaeta Aldrich,

possess the setose condition. Both conditions occur in

the Rhinophoridae, Muscidae and Anthomyiidae

with no obvious choice for the most probable

groundplan condition.

Character f - Anterior malpighian tubules of adults;

length

This character state has not previously explicitly

been used as a tachinid groundplan feature, and it is

admittedly based on sparse evidence. Hori (1962)

depicts the alimentary canal of Sturmia sericariae

(Rondani), Prosena siberita (Fabricius) and Tri-

gonospila transvittatum (Pandellé), which all possess

reduced anterior malpighian tubules, which here are

defined as the pair of tubules arising from a common
malpighian duct in the right side of the gut and run-

ning anteriorly along the midgut. Three other tachin-

ids are listed in Hori's (1962) table 1 and are likewise

stated to have shortened anterior tubules. As in all ot-

her Calyptratae figured by Hori, the anterior tubules

of the Tachinidae run forwards along the midgut.

They do not, however, form a complete loop, with

the tubules running all the way back and terminating

at about the level of the rectal papillae. Instead, the

anterior tubules make a slight curve or a very short

loop, before ending well in advance of their starting

point. It should be noted that no rhinophorids were

dissected by Hori (1962), but specimens oi Phyto me-

lanocephala (Meigen) dissected by me show the long

configuration of anterior malpighian tubules.

Character g. - Female terminalia; length

Long, retractile telescopic female terminalia are

common and widespread in both the Anthomyiidae

and Muscidae. In the Rhinophoridae, long telescopic

terminalia occur in all genera except Paykullia

Robineau-Desvoidy and Melanophora Meigen. In the

Calliphoridae, all genera which have retained a plesio-

morphic oviposition habit have telescopic female ter-

minalia. In the Tachinidae, with the present ex-

clusion of Malayia and Bezzimyia, all species possess

shortened female terminalia, if not secondary length-

ened, e.g. in some members of the phasiine tribe

Cylindromyini. In all of Sarcophagidae, female termi-

nalia are much shortened, and this holds for

Chilopodomyia Lopes & Tibana as well, even though

this genus was stated to have a telescopic ovipositor

(Lopes & Tibana 1984). The subfamilies of

Oestridae may also possess shortened female termina-

lia as a groundplan character state. Long female ter-

minalia are unknown in the Cuterebrinae and

Oestrinae, and the elongate terminalia of most fema-

le Gasterophilus diie neither retractile nor telescopic. In

the Hypodermatinae females of Hypodermatini and

Oestromyini have long and telescopic ovipositors, but

female terminalia of the genus Portschinskia are short.

I have not been able to break the structural diver-

sity of female terminalia into unambiguous states ex-

cept as a simple, and therefore probably little phylo-

genetically informative division into a short versus a

telescopic condition. Also, the character is closely tied

to the mode of oviposition, and it may be directly

misleading to score larviparous groups and groups

with a derived oviposition behaviour.

Character h. - Female tergites 7 and 8; median

division
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McAlpine (1989) considered the division of fema-

le abdominal tergites 7 and 8 as synapomorphic for

the Calliphoridae. I know of no Calliphoridae having

these tergites undivided, while the undivided con-

dition occurs in at least some species of all other fa-

milies of the Calyptratae (Herting 1957). However,

most non-calliphorid terminal taxa included in the

present analyses show examples of both the divided

and the undivided condition and would be scored as

unknown. Information is needed from genera consi-

dered to be close to the basal splits within each taxon.

Character i. - Spermathecal ducts; enclosion/non-

enclosion in a common sheath

Hori (1961) distinguished between what he called

a 1:2 and a 1:1:1 configuration, where either two

spermathecal ducts were enclosed in a common she-

ath or all three were perfectly free of each other. This

should not be confused with character 25, which

deals exclusively with how the three ducts join the

uterus. Enclosion in a common sheath, therefore,

does not mean that they share a common duct or a

commonopening into the uterus.

Apparently, all species of Sarcophagidae and

Tachinidae examined by Hori possess perfectly free

spermathecal ducts, while all Calliphoridae and al-

most all non-tachinoid calyptrates with 3 spermathe-

cal ducts examined showed the paired configuration.

Within the Rhinophoridae, freshly killed female spec-

imens oi Phyto melanocephala dissected by meshowed

the paired condition with two spermathecal ducts

closely appressed, while a female of Melanophora ror-

alis had the two ducts only loosely connected. Among
the Sarcophagidae, the miltogrammatine species

Senotainia litoralis Mien figured by Allen (1926: fig.

25) seems to possess a paired configuration, while the

pairing of spermathecal ducts in S. trilineata (Wulp)

seems to be very loose (Allen 1926: fig. 20). I have

dissected freshly killed specimens of Brachicoma devia

(Fallen) of the Paramacronychiinae which showed ei-

ther a free condition or a condition with two loosely

connected ducts. In the Oestridae, the few figures

available do not allow a definite conclusion (Catts

1964; Grunin 1965, 1966), but in the Tachinidae no

examples of joined or paired spermathecal ducts are

known (S. Andersen, pers. comm.). While dissection

of dried females may give easy access to information

on how the spermathecal ducts enter the uterus, fresh

or properly fixed specimens are required to examine

whether or not the ducts are paired or free. I have not

been able to score the families consistently on the

sparse material examined.

Character j. - Female accessory glands; attachment

to oviducts

The detailed figures of Hori (1961) reveal another

character that may prove to contain phylogenetic in-

formation, the attachment/non-attachment of female

accessory glands to the oviducts through an extension

of their sheath of connective tissue. In all

Calliphoridae and non-tachinoid Calyptratae figured,

the female accessory glands are distinctly attached (see

also Kurahashi 1970: fig. 3), while they are free in all

Sarcophagidae and Tachinidae. Fresh females of

Phyto melanocephala and Melanophora roralis

(Rhinophoridae) examined by me both have the ac-

cessory glands unattached. A single female of

Brachicoma devia (Sarcophagidae: Paramacro-

nychiinae) seen had the accessory glands suspended in

a thin strand, and the female reproductive system of

Gonia sp. (Tachinidae: Tachininae) depicted in

Pantel (1910, identified as ö/^ra Cockerell and repro-

duced in Thompson (1963: fig. 2)) shows accessory

glands likewise loosely attached to the oviducts. The
only figures available of internal reproductive organs

of female botflies suggest that the accessory glands are

unattached (Catts 1964: figs. 3-7 (Oestrinae),

Grunin 1965: fig. 37 (Hypodermatinae), Grunin

1969: figs. 16-20 (Gasterophilinae)). These figures,

however, are hardly reliable as the dissections were

not made for the special purpose of examining this fe-

ature.

Character k. - Uterus; presence/absence of lateral

sacs

The uterus of many Calliphoridae, e.g. species of

the genera Calliphora Robineau-Desvoidy, Lucilia

and Pollenia, possesses distinct lateral sacs. These sacs

seem to receive the tips of the dorsolateral phallic pro-

cesses during copulation (Rognes 1991). Nothing

equivalent is known from the Sarcophagidae (Lopes

& Kano 1968), which do not possess lateral sacs

(Hori 1961), nor from the common house fly

(Degrugillier & Leopold 1973), which possesses dis-

tinct lateral sacs but no free dorsolateral processes. No
lateral sacs have been shown to occur in non-callip-

horid tachinoids (I have examined females of

Melanophora roralis and Phyto melanocephala of the

Rhinophoridae).

Character 1. - Male terminalia; resting position

Wood (1987a: 1 148) described the male terminalia

of the Oestridae as being 'strongly retracted, and car-

ried rather far forward on underside of abdomen'.

This is distinct from the possible groundplan of the

Tachinidae family-group, where male terminalia are

almost apical. Many subfamilies within the

Calliphoridae, with the notable exception of the

Helicoboscinae, have the male terminalia slightly dis-

placed forwards on the underside of abdomen. I have

not, however, been able to produce an exact measure

for this character.

65



Tijdschrift voor Entomologie, volume 135, 1992

Character m. - Testes; shape

Shape of testes may provide interesting phyloge-

netic information. In the Paramacronychiinae and

Sarcophagidae, testes are of a uniform shape with a

constriction proximal to middle. In the Tachinidae, a

pyriform shape of testes may belong to the ground-

plan (see numerous figures in Tow^nsend (1942) and

Hori (I960)). Exceptions, however, exist and rigo-

rous use of this character depends on more infor-

mation from all terminal taxa.

Character n. - Testes; position relative to fat body

Based on data from Hori (I960), 'testes enveloped

in fat body' was used by McAlpine (1989) to corro-

borate the monophyly of the Calliphoridae.

However, data from many more calliphorid genera

and especially from the Oestridae and Rhino-

phoridae, are needed before it will find proper usage.

Character o. - Median phallic sclerotization; relative

development

This structure (= 'Mesohypophallus' of Salzer

(1968)) was given the poor term 'spermduct scle-

rotization' by Pape (1986a) and later renamed 'me-

dian sclerotization' (Pape (1987d) following

Tschorsnig's (1985a, b) 'Medianleiste des

Ventralsklerits'). Although it may appear to be in-

ternal, as the ventral part of the phallus often is slight-

ly invaginated, it is part of the phallic tube, not the

sperm duct, as correctly stated by Tschorsnig

(1985a). A median sclerotization is often present and

well developed in the Tachinidae (see figures in

Tschorsnig (1985b)), less distinct and often shorte-

ned in the Oestridae. The groundplan of the

Rhinophoridae and Calliphoridae most probably is a

well developed median sclerotization running the full

length from the ventral plates to the acrophallus. In

the Sarcophagidae, the median sclerotization is never

complete. What could be a short median scle-

rotization occurs sporadically in the Miltogram-

matinae (e.g. Pape 1987a: fig. 133), but no trace of a

median sclerotization seems to be present in the

Paramacronychiinae. Within the Sarcophaginae, the

highly modified phallus makes homologies obscure,

but a median sclerotization is either absent or may

have given rise to the vesica and all or part of the me-

dian stylus.

Character p. - Dorsolateral phallic processes;

serration of tip

A point of interest relating to the calliphorid phal-

lus is that the dorsolateral processes often are equip-

ped with serrations along the free part of their tip. In

Lucilia cuprina (Wiedemann), these free, serrated tips

have been shown to tear slits in the cuticular lining

(intima) of the lateral sacs of the uterus. The curved

dorsolateral processes assist in guiding the accessory

gland material into intra-cuticular spaces (Merritt

1989). Eurychaeta palpalis (Helicoboscinae) and

several species of Calliphorinae, Chrysomyinae,

Melanomyinae, Mesembrinellinae and Polleniinae li-

kewise possess dorsolateral processes with some kind

of serration of the apical part (see figures in

Guimarâes (1977), Kurahashi (1970, 1971) and

Rognes (1986, 1987, 1988, 1991)). Rognes (1988:

342) considered the presence of 'small to minute

tubercles' on the tip of the dorsolateral processes as

apomorphic within Pollenia and as an underlying sy-

napomorphy corroborating a clade consisting of his

semicinerea-<^Toup and rudis-ffoup. It may be,

however, that the synapomorphy should include all

of the Calliphoridae. I have not seen any serrations,

teeth or tubercles on the apical part of the very callip-

horid-like dorsolateral phallic processes of Phyto spp.

nor in the undescribed species of Bezzimyia shown in

fig. 3, although extensive SEMstudies are needed. It

is tempting to postulate an ancestral calliphorid type

of copulation which, possibly repeatedly, led to an

elongation of the free tips of the dorsolateral process-

es with or without apical serration. It is interesting in

this context that many Calliphoridae with long, free

dorsolateral processes have the acrophallus equipped

with a pair of lateral ducts on the external wall of the

acrophallus. These ducts seem to facilitate the flow of

accessory gland secretion from the gonopore to the

slits made by the dorsolateral processes (Merritt

1989, Rognes 1991).

Character q. - ß-alanyl-L-tyrosine ('sarcophagine');

presence/absence in larval hemolymph

The accumulation of the dipeptide sarcophagine in

larval hemolymph of at least Agria housei Shewell

(Paramacronychiinae) and several species of Sarco-

phaga sensu lato (Sarcophaginae) is interesting as 'ß-

alanine and tyrosine have never been detected in

peptide linkage in proteins; nor has the free dipeptide

been observed in any other natural source' (Bodnaryk

1970: 349). Later investigations by Bodnaryk (1972),

however, have revealed sarcophagine in one species of

Tachinidae. The Miltogrammatinae have not yet

been examined for this character.

Character r. - Larval pharynx; presence/absence of a

filter apparatus

McAlpine (1989) corroborated the monophyly of

his parasitic clade Oestridae + Rhinophoridae + Ta-

chinidae by the absence of a larval pharyngeal filter. I

have insufficient information on the distribution of

this character, e.g. in the Miltogrammatinae and

possibly basal calliphorid lineages like the Heli-

coboscinae and Bengaliinae, to be able to make a pro-

per scoring.
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Character s. - Labrum of first instar larva; size

A labrum is completely absent in the Rhi-

nophoridae (Bedding 1973), it is small but still dis-

tinct in the Sarcophaginae (Lopes 1982b) and

Oestrinae (Grunin 1966). The labrum is short in the

Cuterebrinae and Hypodermatinae (Grunin 1965,

Ferrar 1987), long and tapering in the Gasterophilini

(Grunin 1969). In the Calliphoridae, a labrum is

usually well developed, but it is absent in the genera

Bellardia and Onesta (Calliphorinae) and in Proto-

calliphom Hough (Chrysomyinae) (Rognes 1991).

Character t. - Dorsal cornu in cephalopharyngeal

skeleton of third (and probably second) instar larva;

posterior incision

The large majority of species within the

Paramacronychiinae and Miltogrammatinae and all

of Sarcophaginae have a posterior incision in the

dorsal cornu. The few exceptions, however, make

groundplan estimates uncertain until generic phylo-

geny becomes better resolved. McAlpine (1989) listed

an unincised dorsal cornu as a tentative autapomor-

phic character state for the Calliphoridae, but he si-

multaneously gave this condition as autapomorphic

for his clade Oestridae + Rhinophoridae + Tach-

inidae.

Roback (1951) gave the incised condition as a

groundplan feature of the Anthomyiidae.

Character u. - Spiracular slits of posterior spiracles

in third instar larva; orientation

The pattern in the Sarcophagidae is generally that

of three more or less vertical slits, and in the

Calliphoridae the most widespread condition is three

slits radiating in a dorsolateral direction (see figures in

Ferrar 1987). In all Gasterophilinae, the three spira-

cular slits are parallel and vertical, with secondary

convolutions having occurred in Gyrostigma. In

Ruttenia the spiracular slits are horizontal or almost

Character v. - Pupal prothoracic horns;

presence/absence

Prothoracic horns are present in the pupa of many
Calliphoridae and Oestridae and in at least some

Tachinidae, while they are seemingly absent in the

Rhinophoridae and Sarcophagidae. I have not inclu-

ded this character as the number of calliphorid and

tachinid subfamilies for which this character is dis-

cussed in available literature is strongly limited.

Character w. - Puparium; shape

The shape of the puparium was used by McAlpine

(1989) as a synapomorphy uniting his parasitic clade

Oestridae + Rhinophoridae + Tachinidae. These

three families were stated to possess a 'puparium fully

inflated with both ends more or less equally hemi-

spherical' (p. 1501). I have been unable to confirm

this.

Character x. - Egg; surface of area dorsal to

micropyle

The micropyle is here considered a morphological

landmark, which means that the chorion dorsal to

this may be considered homologous throughout the

Tachinidae family-group. In at least some and proba-

bly most Calliphoridae, the surface between the two

ridges or pleas demarcating the hatching sutures is

modified into a plastron with struts and crossbars. A
plastron seems likewise to be present in all

Rhinophoridae as well as most Muscidae and

Anthomyiidae (Hinton 1960a, b, 1963, 1965, 1967;

Bedding 1973; Kitching 1976; Leopold et al. 1978;

Richards & Morrison 1972; Erzinçlioglu 1988,

1989; Greenberg & Szyska 1984). The similarity in

position and ultrastructure suggest homology. No ta-

chinid egg is known to possess a plastron as here defi-

ned. Instead, one or more areas with perforations

(aeropyles) in the external covering, and therefore

with free access to the columnar middle layer, may be

found, as shown by figures and SEM-micrographs in

Wood (1972). Although the aeropylar areas someti-

mes are situated dorsal to the micropyle and between

the hatching pleas, I have no a priori evidence that

these are homologous to the plastron of the

Calliphoridae.

The sparse information available on the morpholo-

gy of oestrid eggs indicates 'non-presence' of a plas-

tronic network. It does, however, not allow a more

explicit interpretation of homology, e.g. relative to

the condition found in the Tachinidae. In

Dermatobia hominis (Cuterebrinae), the egg cap is

without any trace of a plastronic network and the ex-

ternal layer of chorionin, which in this species is sim-

ilar to the general egg surface, has no apparent open-

ing(s) (Leite 1988). Also in Cuterebra tenebrosa

Coquillett is the sculpturing of the egg cap hardly dif-

ferent from that of the general surface (Baird &
Graham 1973). In Cuterebra cuniculi (Clark) a mod-

ified sculpturing covers all of the egg cap (Baker

1986, as Cuterebra horripilum Clark). It does not look

like a plastron similar to that found in the

Calliphoridae, nor does it look like aeropyles as found

in the Tachinidae. The only SEM-studies of eggs of

Gasterophilini (Cogley & Anderson 1983) and

Hypodermatinae (Cogley et al. 1 98 1 ) do not pay spe-

cial attention to the egg cap.

Too little is known on egg structure in the

Sarcophagidae to allow a reasonable scoring of the

groundplan. In Miltogramma Meigen, the egg seems

devoid of any plastron or aeropylar area (Thompson

1921), but SEMstudies are needed to confirm this.
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In Sarcodexia lambens, the egg is pitted with aeropyles

in the posterior third of what may be the dorsal sur-

face (Lopes & Leite 1989), while eggs oi Sarcophaga,

to the extent they are known, only present a single

aeropyle, which is situated opposite the micropyle

(Baudet 1980, 1985). A true plastron is probably ab-

sent in the Sarcophagidae as this would be non-func-

tioning during intra-uterine incubation.

Character y. - 28s ribosomal RNAsequence data

Vossbrinck & Friedman (1989) used sequence data

from 28s ribosomal RNA to analyse relationships

between selected cyclorrhaphan species. Their data

have not been included in the present analysis for the

following reasons. Firstly, ribosomal RNAof far too

few taxa has been analysed, which would have given

this input of character states proportionally more

weight than it may deserve. Secondly, and perhaps

more important, I prefer to await a consistent metho-

dology for phylogenetic analysis of nucleotide se-

quence data. Of particular relevance before trans-

lating Vossbrinck & Friedman's (1989) table 1 into

character states is a discussion of homology between

the sequences analysed. However, it is obvious from

the cladograms produced by these authors that their

sequence data give results that show little congruence

with results obtained in the present analysis.

Character z. - Parasitism

Parasitism of a certain taxon has been used expli-

citly as an apomorphic character state for all major

parasitic clades of the Tachinidae family-group (Pape

1986a, Rognes 1986, McAlpine 1989). McAlpine

(1989: 1501) even stated that being 'obligate pa-

rasites of other animals .... is presumed to be a pri-

mary, autapotypic adaption of [Oestridae +

Rhinophoridae + Tachinidae] (synapotypic character

of the component families)'. An important question,

however, is how parasitism fits into a character ana-

lysis, i.e. whether or not parasitism really is a char-

acter and in case how the states are defined. As I have

met numerous viewpoints on this issue in discussions

with fellow systematists, a rather detailed elaboration

of the problem seems justified.

Parasitism per se is here defined with the very broad

concept adopted by Price (1980: 4), who simply cites

the definition given in Webster's Third International

Dictionary: A parasite is 'an organism living in or on

another living organism, obtaining from it part or all

of its organic nutriment, commonly exhibiting some

degree of adaptive structural modification, and caus-

ing some degree of real damage'.

Parasitism, then, could be defined as a character

with the states 'developed' and 'not developed'. This

would imply that, say, the Agromyzidae (parasites of

angiosperms) would be scored exactly like the

Rhinophoridae (parasites of woodlice) in a family lev-

el phylogenetic analysis. This way of handling parasit-

ism seems falsified by the very definition of a charac-

ter accepted in the present paper, being an inheritable

feature that is independent of any other inheritable

feature(s). Parasitism per se, as here defined, is not

built in as a message in the genetic code. One could

elaborate the definition of the states so that states (of,

say, life habit) pertaining to parasites were defined

taxonomically as the most restricted (= smallest pos-

sible) recent taxon assumed to contain the hypotheti-

cal ancestral host or host-lineage. Put in a more infor-

mal wording, this means that the habit of parasitizing

a certain taxon is considered a derived character state

for the parasites of this taxon. In this way, parasitism

of true bugs (Heteroptera) would be a synapomorphy

of the Phasiinae, insect parasitism a synapomorphy of

the Tachinidae, mammalparasitism a synapomorphy

of the Oestridae, woodlice parasitism a synapomor-

phy of the Rhinophoridae, etc. But we still do not

have characters or character states in the sense of in-

heritable features - organisms simply do not parasi-

tize taxa, they parasitize other organisms. This may
seem pure epistemology, but parasitism in this taxo-

nomie definition can only be defined a posteriori, and

corroborating a group of species based on the com-

mon habit of parasitizing the same taxon (whether of

specific, generic, or any other rank) is unsound. The
Pieris -butterflies, for example, do not possess the

character state 'phytophages of Capparales'. They will

readily eat any plant containing (or just tasting of)

mustard oil glucosides, e.g. members of the

Brassicaceae, Tropaeolaceae and some other

Capparales, and the real character state should rather

be 'mustard oil glucosides promote larval feeding'

(David & Gardiner 1966) or perhaps even more spe-

cific 'larval maxillary sensilla sryloconica with chemo-

receptory cells sensitive to mustard oil glucosides'

(Schoonhoven 1967). Taxonomie host data is merely

information on the distribution of hosts within the

classification available. Modern classifications of host

organisms reflect their 'descent with modification',

which cannot trigger oviposition behaviour.

Thus, in my opinion the monophyly of a group

consisting of the Tachinidae + Rhinophoridae cannot

be argued on the shared occurrence of parasitism of

arthropods simply because arthropod parasitism has

no validity as a character state. And if arthropod par-

asitism cannot be considered a character state, insect

parasitism, wood-lice parasitism or animal parasitism

obviously cannot do either. When dealing with still

more restricted and/or specialized host taxa, however,

one will often increase the probability that its asso-

ciated parasites actually do belong to a monophyletic

group. This, however, is nothing but a posteriori sta-

tistics and reflects that many parasite clades in nature
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really are restricted to one or a few host clades.

If parasitism (of a taxon) cannot be considered a

character, this implies that even if the Tachinidae and

Rhinophoridae constitute a clade one cannot make a

straightforward deduction that their common ances-

tor was a parasite of either insects or woodlice unless

we assume that the transition herween woodlouse

parasitism and insect parasitism (or vice versa) is more

likely than the transition between scavenging and

woodlouse/insect parasitism. Only if synapomorphic

character states directly relating to the parasitic habit

are present can we convincingly argue for a single or-

igin of parasitism, and we may then consider wood-

louse parasitism to have developed from insect para-

sitism (or vice versa) simply because this is more

probable than the hypothesis of both habits arising si-

multaneously, i.e. in the same speciation event.

Wood (1987b: 1189) tentatively suggests one such

character: 'The tendency to stimulate the formation

in the host of [a funnel-like integumental sheath] or

at least to use it to advantage for support and respira-

tion, may be a synapomorphy of the Rhinophoridae

and Tachinidae'. Two problems should be considered

in this context. Firstly, of course, one has to decide

whether or not to accept the character at all. In my
opinion, the formation of a sheath enveloping part of

the parasite is a typical immunological reaction that

would happen to any foreign body piercing the integ-

ument and penetrating into the haemocoel. Thus, the

formation of a sheath could be plesiomorphic at this

level. No sheath-formation has been reported from

hosts of parasitic Sarcophagidae, e.g. the grasshopper-

parasitizing Blaesoxipha (Leonide & Leonide 1986),

which seem to be independent of direct access to the

surrounding atmosphere in at least second and third

instar. More tricky is the question whether or not the

use of this sheath for support and respiration is a char-

acter state, but as the formation of the sheath prob-

ably is induced by the piercing of the integument, e.g.

a trachea, use of the sheath cannot be considered in

isolation. Numerous types of larval equipment for

piercing the host's integument may be found in the

Tachinidae, but all of these differ from what may be

analogous structures in the Rhinophoridae and ap-

parently without being related through transforma-

tion series. I have not accepted the use of a respirato-

ry funnel or any associated feature within

Rhinophoridae and Tachinidae as homologous.

Another matter is, that if the production within the

host of a sheath of host integument, or its being used

by the parasite, is considered a (derived) character

state, the character would be inapplicable with regard

to the Oestridae. Oestrid hosts, i.e. mammals, differ

radically from arthropods in cytology, physiology and

immunochemistry. A respiratory funnel, therefore,

cannot in itself provide evidence that the

Rhinophoridae are more closely related to the

Tachinidae than are the Oestridae. Note the few but

well documented cases of human myiasis produced

by tachinid flies that even have resulted in the emer-

gence of adults (Smith 1988). This shows that we
cannot a priori exclude the possibility that mammal
parasitism evolved from insect parasitism.

Clades of the Tachinidae family-group

Running the present character matrix (table 2)

through Hennig86 (version 1.5) with all states unor-

dered (outgroup = 0.1;cc-.;mh*;bb*;) results in an

initial set of 630 most parsimonious cladograms

(length =111, consistency index = 55, retention in-

dex = 77). Subsequent successive weighting (xsteps

w;mh*;bb*;xsteps w;mh*;bb*; etc.) reduces these 630

cladograms to 15, although with no changes in fami-

ly level relationships. From the resulting Nelson

consensus tree (fig. 9), deductions of transformation

series between character states can be made for those

characters where more than two states are involved

(i.e. characters 0, 9, 10, 13, 15, 21, 22 and 39).

Characters 0, 9, 13 and 21 may thus be arranged in li-

near transformation series, which correspond to the

numeral sequences used when listing the states in the

discussion above. [Note that transformation series

need not be rooted at the lowest number, i.e.
'0'.

Character 13 has the transformation series 0-1-2 but

is rooted at 1]. For characters 10, 15, 22 and 39, less

straightforward transformation series are involved,

and these characters were maintained as unordered

(cc-10,15,22,39;). Specifically for the subscutellum

(character 10), the cladogram in fig. 9 leads to the

assumption that the convex state (2) most probably

developed from the concave state (0) in the

Tachinidae and from the medium-sized state (1) in

the Hypodermatinae, and as the concave state also

may have given rise to the medium-sized state as well

as vice versa, all states are interconnected and should

be treated as unordered.

With this new input of phylogenetic information,

data were rerun (outgroup = 0.1;cc-

10,15,22,39;mh*;bb*;xsteps w; etc.). This resulted in

30 trees, the Nelson consensus tree of which did not

difi^er from the one resulting from all characters being

unordered. This cladogram is the one I consider as

the currently most corroborated hypothesis of family-

level phylogenetic relationships within the Tach-

inidae family-group (fig. 8).

Competing cladograms resulting from different

character or transformation series interpretations are

discussed below (figs. 10, 11), with character states

for non-terminal clades in tables 4, 5.

Explicit lists of apomorphic character states corrob-

orating the monophyly of families and supra-familial
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Table 2. Initial character matrix with scorings of 50 characters (0-49). See text for discussion of states.

Anthomyiidae



Tijdschrift voor Entomologie, volume 135,

Fig. 9. Nelson consensus cla-

dogram of 15 trees obtained

from running the matrix in

table 2 with all characters un-

ordered and successive

weighting. Weights and

character states of nodes are

given in table 3. For further

explanation see text.

rj= Anthomyiidae
[=42=!!= Muscidae

.JË

=41:

P=3 9
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3 6

n= Miltogrammatinae

32=^t= SarcophaginaeL
t=4 04

L32ÌC
Rhinophoridae

Paramacronychiinae

L35JL

1=28

7= Hel

Oestrinae
[j=2 8=!^ Hypodermatinae

-"

[f=
Gasterophilini^ Cobboldiini

Cuterebrinae
Helicoboscinae

Bengaliinae
lf= Polleniinae

Mesembrinellinae
Ameniinae
Phumosiinae
Calliphorinae
Luciliinae
Melanomyinae

ij= Chrysomyinae
26np= Rhiniinae

1!= Toxotarsinae

Rhinophoridae

The Rhinophoridae have recently been subject to

some attention, but despite several attempts at a de-

finition based on apomorphic character states in the

adult morphology, only the morphology of the first

instar larva has provided what seems to be unambi-

guous and autapomorphic character states.

Crosskey (1977) reviewed the family and provided

a thorough discussion of the characters most often

used in the characterization of the family. He admit-

ted, however, that his recognition couplet for ima-

gines still fits 'a very few aberrant tachinids' (p. 7).

Tschorsnig (1985a), although including both

Melanomya and Morinia, both of which now general-

ly are accepted as Calliphoridae, described the struc-

ture of the male terminalia in detail and suggested

(tentatively) that broadened bacilliform sclerites and a

patch of setae anterobasally on the surstylus should be

considered synapomorphic for the Rhinophoridae

(see his figs. 7-10). Exceptions exist, and as some of

these represent undescribed genera (Pape, unpubl.) 1

prefer to await a revised generic phylogeny with data

on this character incorporated before evaluating the

rhinophorid groundplan.

The phallic character state previously used by me,

the fusion of the ventral plates in the median line

(Pape 1986a), apparently does not have the diagnos-

tic or defining powers stated. Although it may be apo-

morphic at the level of the rhinophorid groundplan,

numerous homoplasies occur in the Calliphoridae

and Tachinidae, and even within the Rhinophoridae

reversals to the non-fused condition have to be as-

sumed {Paykullia, several species of Phyto). I do not

consider this character any further in this context.

Wood (1987b: 1189) clearly pinpointed the current

situation when he wrote: 'no character or group of

characters has been found in the adult to render the

group recognizable or to suggest that it is

monophyletic'. But, on the other hand, the obviously

apomorphic larval character states bring substantial

evidence that a very well defined monophyletic group

exists, and only our sparse knowledge of this stage

prevents an easy delimitation of the group. Hence, I

cannot agree when Downes (1986: 17) 'interpret[s

the Rhinophoridae] as an intentionally practical rath-

er than a natural taxon' which 'in practice.. ..is analo-

gous to the Fungi Imperfecti'.

All species of Rhinophoridae are obligate parasites

(or parasitoids), but parasitism of woodlice will not

be included as a character state, as already discussed.

1

.

Metathoracic spiracle with both anterior and pos-

terior lappets small (13:0);

2. Vein Mbend in an obtuse angle (15:3);

3. Lower calypter tongue-shaped (21:3);

4. Female ovipositing away from food source

(36:1);

5. First instar larva with completely reduced labrum

and closely appressed mandibles (s).

Some additional character states are found in the

larval morphology (see figures in Bedding 1973).

6. First instar larva with dorsal arc of mandibles

toothed or serrated;

7. First instar larva with anterior part of pharyngeal

sclerite elongated;
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h42H
i= Anthomyiidae

Muscidae
[j= Oestrinae

ff=3 5=i= Hypodermatinae
Gasterophilini

)ldini
=4 0=

li=38=^ [j= Gaste
l!=34=J!= Gobbo

—Cuterebrinae
—41J n= RhinophoridaeL^Q—

'
'= Phasiinae=3 9=^

=3 6=^ [i=
Exorista genus -group

l!=32=ü= Tachininae
1= Helicoboscinae

l!=37==! n= Sarcophaginae
F=28=^ Paramacronychiinae

30=!^ Miltogrammatinae

M9=

Bengaliinae
Phumosiinae

1^27=
Polleniinae
Mesembrinellinae
Ameniinae
Calliphorinae
Luciliinae
Melanomyinae

tj= Chrysomyinae
=2 6=^p= Rhiniinae

li= Toxotarsinae

Fig. 10. Nelson consensus cladogram of 72 trees obtained from running the matrix in table 2 with Rhinophoridae scored for

free tips of dorsolateral phallic processes. Weights and character states of nodes are given in table 4. For further explanation

see text.

4. Uterus with a bilobed ventral pouch (35:1);

5. Progeny deposited as embryonated eggs or pre-

hatched first instar larvae (39:1);

6. Peritreme of posterior spiracles of second and

third instar larva incomplete and without a dis-

tinct ecdysial scar (43:1);

7. Posterior spiracles of second and third instar larva

placed in a recession or cavity (44:1);

8. Parastomal bars of third instar larva present

(45:0);

9. Median sclerotization of phallus reduced (o);

10. Dorsal cornu of third (and probably second) in-

star larval cephalopharyngeal skeleton with a pos-

terior incision (t);

11. Prothoracic spiracular horn not protruding

through puparium (v);

12. ß-alanyl-L-ryrosine ('sarcophagine') present in

larval hemolymph (q).

[The use of the presence of larval sarcophagine as

an apomorphy corroborating the monophyly of

the Sarcophagidae is, of course, tentative as too

few records exist and especially as no

Miltogrammatinae have been tested. But the al-

most total absence of this dipeptide from the

non-sarcophagid calyptrates is strong evidence

that the presence in the Sarcophagidae is derived,

and testing one or more species of Milto-

grammatinae may indicate whether this character

state should be considered autapomorphic for the

clade Paramacronychiinae + Sarcophaginae or for

all of the Sarcophagidae.]

Some of the autapomorphic groundplan character

states used by McAlpine (1989) to define the

Sarcophagidae are not accepted here and should be

discussed briefly: Coiled male accessory glands, scle-

rotized plate (sigma) in dorsal wall of uterus, looping

of ovarian ducts and common oviduct, and reduced

labral sclerite in the first instar larva, are states that de-

fine all or part of the subfamily Sarcophaginae. These

states are not present in the Miltogrammatinae and

Paramacronychiinae and should not be considered

groundplan states for the family. Arista bare on at

least apical half needs reconsideration as already dis-

cussed. If the sister group of the Sarcophagidae is the

Tachinidae, a bare arista seems at least as probable for

the hypothetical groundplan.

Tachinidae

The Tachinidae form a huge family and the species

have diversified morphologically to an extent not seen

in the other families of the Tachinidae family-group.

However, apart from some species that are strikingly

rhinophorid-like in adult morphology, like

Litophasia Girschner, Tachinidae are easily recogni-

zed and they emerge as a well defined group of insect

parasites. The few non-insect parasites with centipe-

des, spiders and scorpions as hosts (Wood 1987c,
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w= Anthomyiidae
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Fig. 1 1 . Nelson consensus cladogram of 14 trees obtained from running the matrix in table 2 without character 32. Weights

and character states of nodes are given in table 5. For further explanation see text.

5. Anterior malpighian tubules shortened in adults

(0;

6. Testes pyriform (m).

Calliphoridae

The blowflies have generally been recognized

among members of the Tachinidae family-group by

exclusion of the more easily defined remaining fami-

lies, and Griffiths (1982) concluded that no convin-

cing evidence corroborated the possible monophyly
of the Calliphoridae. Hennig (1973: 69) even

mentioned that the Calliphoridae could be paraphy-

letic ('vielleicht eine paraphyletische Gruppe). In the

present analysis the Calliphoridae emerge as mono-
phyletic, corroborated by the following character

states:

1. Phallus with free tips of dorsolateral processes

(32:1);

2. Parastomal bars present (45:0).

As already discussed, teeth or spines apically on the

free apices of dorsolateral processes may be another

synapomorphy (character p), but as long as both the

toothed and the non-toothed condition occur widely,

an assessment of the groundplan state within each of

the terminal taxa requires a better knowledge of the

distribution of both states as well as of generic phy-

logeny.

It is noteworthy that the metallic coloration of the

integument cannot be considered apomorphic at the

level of the Calliphoridae. Either this character state is

synapomorphic for Calliphoridae and Oestridae, or it

will define a subgroup of Calliphoridae, i.e. by exclu-

sion of at least the Helicoboscinae.

McAlpine (1989) mentioned several tentatively ap-

omorphic character states, but most of these need re-

consideration. A coprophagous larval food habit is

hardly 'autapomorphic' in the Calliphoridae, and

even McAlpine himself did not really believe this as

he used this state to corroborate the monophyly of his

clade Calliphoridae + Mystacinobiidae +

Sarcophagidae. It is worth noting that coprophagy in

the Calliphoridae may not be plesiomorphic either, as

none of the basal calliphorid lineages in the present

cladogram (fig. 8) are typical coprophages. Rognes

(1991: 27) is of the opinion that blowflies 'primitive-

ly ... lay their eggs on the exposed dead bodies of var-

ious animals, especially vertebrates, irrespective of

size', but I find it very likely that the groundplan cal-

liphorid breeding strategy was one of small-carrion-

exploitation, e.g. dead invertebrates (especially snails)

and small vertebrates. This is in agreement with the

arthropod and mammal parasitism of the

Rhinophoridae, Tachinidae and Oestridae, which has

to have evolved from a non-parasitic life habit. The
hypothetical ancestors of these taxa could easily have

preferred small carrion: invertebrates for the
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Rhinophoridae and Tachinidae, rodents for the bot-

flies. 'Thoracic spiracles large' is closely connected to

the size of the fringes, which has been discussed in de-

tail above (character 13: state 2). Whether or not

large size of spiracle (or anterior fringe) belongs to the

groundplan of the Calliphoridae depends on the po-

sition of the Helicoboscinae. The 'posterior thoracic

spiracle occluded by ... complex shutters' is obviously

a groundplan feature of all of the Tachinidae family-

group, as was correctly stated by Crosskey (1977: 8),

although this author did not mention the Oestridae.

'Arista plumose' needs a more accurate scoring, but

may well be synapomorphic with the Oestridae.

Position of female abdominal spiracle 7 needs further

consideration through scoring of more species from

what may be considered basal lineages, and the pres-

ence of 'anal lobes' in the male perianal membrane
may belong to the groundplan of the Tachinidae fam-

ily-group. Other groundplan features have been dis-

cussed above.

Calliphoridae + Oestridae

1

.

Prosternum setose (5:1);

2. Proanepisternum setose (6:1);

[3. Postalar wall setose (7:1);]

4. Metasternum setose (8:1).

The third character state is given in brackets as its

status as a synapomorphy for Calliphoridae and

Oestridae is uncertain. The bare and the setose states

are equally likely for the groundplan of this clade. It

may, perhaps, be argued that an independent origin

of setae on this surface is less likely than independent

reductions.

Sarcophagidae + Tachinidae

1. Phallic dorsolateral processes fused (34:1).

Fused dorsolateral processes were used by Pape

(1987a: 11) to corroborate the monophyly of the

Sarcophagidae, but Tschorsnig (1985b) argued con-

vincingly that the dorsal (or posterior) phallic sclerot-

ization so commonand widespread in the Tachinidae

is homologous to fused dorsolateral processes. The
character state will therefore indicate phylogenetic re-

lationship.

Rhinophoridae + (Calliphoridae + Oestridae)

1. Subscutellum slightly swollen (10:1).

This synapomorphy is, of course, highly dependent

on the scoring of subscutellar states, as will be dis-

cussed in more detail below.

Tachinidae family-group

Only two outgroups were used in the present stu-

dy, Anthomyiidae and Muscidae. As these may be

part of a separate clade, the Muscoidea of McAlpine

(1989), the present analysis cannot give a reliable esti-

mate of whether ground plan character states at the

level of the Tachinidae family-group are apomorphic

or plesiomorphic. Therefore, the states listed below as

probably synapomorphic for members of the

Tachinidae family-group may be tested when a more
detailed phylogeny of all of the Calyptratae becomes

available. However, in my opinion none of the states

listed below can be ascribed to the groundplan of any

non-tachinoid family of Calyptratae.

1. Postocular setae of alternating size (0:1);

2. Meron with row of setae (9:1);

3. Anatergite with setulae (1 1:1);

4. Metathoracic spiracle with divided (opercular)

fringe (12:1);

5. Anepimeron with setae (14:1);

6. Vein Mwith a distal angular bend (15:2);

7. Vein R^,^ setose basally (20:1);

8. Lower calypter broad and following scutellum for

considerable distance (21:2);

9. Abdominal sternite 2 contiguous with or slightly

overlapped by margins of tergite 1+2 (22:1);

10. Spermathecal ducts join uterus separately (25:1);

1 1. Gonostylar apodeme present (30:1);

12. Phallus with denticles along the ventral surface of

distiphallus (31:1).

Mystacinobia

The single New Zealand species of this peculiar

taxon, M. zelandica HoUoway, is highly adapted to

living in bat roosts and the morphology leaves few ap-

parent clues to phylogenetic relationships. Originally

described as a distinct family Mystacinobiidae belon-

ging to the Drosophiloidea (Holloway 1976),

Griffiths (1982) argued convincingly for an inclusion

in the Tachinidae family-group and proposed syno-

nymization with the Calliphoridae although no sy-

napomorphic character states with this family were

suggested. Kurahashi (1989) accepted an assignment

to the Calliphoridae and put Mystacinobia in a subfa-

mily of its own.

McAlpine (1989: 1500) recognized an affinity

between Mystacinobia and the Calliphoridae but en-

dorsed family rank for the genus because it possesses

'many autapomorphies in all stages .... that set it apart

from all Calliphoridae' —in my opinion a little con-

vincing argument. Furthermore, McAlpine's clado-

gram (Mcalpine 1989: fig. 116.8) corroborated the

monophyly of the non-mystacinobiine blowflies (his

Calliphoridae) by listing the synapomorphies 1) first
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larval instar without paired mandibles, 2) arista plu-

mose, and 3) testes enveloped in fat body. The first

state was based on Hennig (1973) and is erroneous as

already mentioned. The second apomorphy is dubi-

ous and actually contradicted by McAlpine himself

on p. 1501, where he stated that a plumose arista is

present in the calliphorid + sarcophagid groundplan.

The third synapomorphy is hardly more convincing

as no mention is made of the actual distribution of

this character state, and Hori (1960), who first used

this character, examined only very few representatives

of Calliphoridae. Even if fresh or properly preserved

specimens of Mystacinobia were examined by

McAlpine, we are still in need of data from many oth-

er members, especially from the Oestridae and

Rhinophoridae, and from possibly basal calliphorid

lineages like the Helicoboscinae. McAlpine listed

more calliphorid autapomorphies in the text (p.

1499), but none of these will corroborate a separate

family status for Mystacinobia. The non-mystacino-

biine calliphorids cannot be defined by being co-

prophagous when their sister group is stated to be 'liv-

ing in [bat] guano' (p. 1500) and when coprophagy is

listed as a groundplan feature of Sarcophagidae +

Mystacinobiidae + Calliphoridae (fig. 1 16.8).

Indeed, Mystacinobia is highly aberrant, and as on-

ly a single species is involved, monophyly as such is ir-

relevant. A list of autapomorphic character states is

given by McAlpine (1989) and needs not be discussed

here. Griffiths (1982) gave three character states of

Mystacinobia that will corroborate its assignment to

the Tachinidae family-group: 1) 8th sternite of fe-

male entire, 2) phallus with denticles on ventral sur-

face of distal section, and 3) meron with row of setae

below metathoracic spiracle. To these could be added

the presence of anepimeral bristles (character 14 in

the discussion above). Many more characters are in-

volved in the definition of the Tachinidae family-

group, but several of these are wing-characters and

therefore inapplicable, which probably holds also for

the infrasquamal setulae (character 11). Thus, only

four characters need a comment. Postocular setae are

hardly recognizable in Mystacinobia, and the great re-

duction in eye-size and the deviating head-shape

makes this character inapplicable. Abdominal ster-

nites, in their degree of exposition, may be more like

the condition found in the Oestridae than that of any

other taxon here considered, and it is thus perfectly

possible - even probable - that it is derived relative to

the groundplan of the Tachinidae family-group. The

small metathoracic spiracle of Mystacinobia has no

fringe at all, and could thus easily be considered as de-

rived from any of the conditions found in the

Calyptratae. Moreover, it is almost to be expected

that a flightless species living in the constantly damp
atmosphere of a bat roost should show modified

metathoracic spiracles, as this is one of the major sites

for loss of water in a flying calyptrate fly. Finally, no

gonostylar apodeme is present, and this may in itself

be taken as evidence of a sister group relationship

with the remaining Tachinidae family-group.

However, other reductions are present in the male

copulatory apparatus, e.g. small gonocoxites and ab-

sence of epiphallus, and it seems somewhat premature

to assign familial status to Mystacinobia— not to men-

tion a sister group relation to the (remaining)

Tachinidae family-group - based exclusively on this

sparse evidence.

With regard to familial affinities, an inclusion

within any of the Oestridae, Rhinophoridae,

Sarcophagidae and Tachinidae seems highly improb-

able as this would imply that Mystacinobia should

have lost the numerous character states defining these

clades. Also, I have no convincing evidence that

Mystacinobia should belong to any subfamilial clade

within any of these families. Inclusion within the

Calliphoridae cannot be corroborated either.

Mystacinobia does not possess any of the two charac-

ter states here listed as synapomorphies for the

Calliphoridae, namely parastomal bars and free tips

of dorsolateral phallic processes, and there is no obvi-

ous calliphorid subfamily with which it could be affil-

iated. Still, however, the spermathecal ducts are of the

'two fused' condition (see character 25 above), which

is absent from all of Rhinophoridae, Sarcophagidae

and Tachinidae. In the present analysis this character

defines a large subgroup of the Calliphoridae, namely

all subfamilies except Helicoboscinae and

Bengaliinae.

The dorsolateral processes are fused as in the clade

Sarcophagidae + Tachinidae and as in the Rhiniinae

of the Calliphoridae. However, no other evidence fa-

vours an inclusion in either of these groups, and no

member of the Rhiniinae has yet been reported from

NewZealand (Dear 1985).

I have not included Mystacinobia in the analysis at

the present state of knowledge. A strict scoring would

hardly give a reliable result and would rather interfere

with the not too stable phylogeny presented.

Therefore, I will simply consider Mystacinobia as a ge-

nus (and species) incertae sedis within the Tachinidae

family-group. Until a better corroborated hypothesis

for the inclusion within one of the existing taxa, or for

a sister group relationship to one or more of the oth-

er families is available, I prefer to avoid using a fami-

ly group name to accommodate the species.

Discussion

An interesting - although hardly surprising - result

of the present analysis is that the monophyly of all fa-

milies except the Calliphoridae is well corroborated.
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The monophyly of the Calüphoridae is supported by

few, and perhaps not very convincing synapomor-

phies, and the family may even come out as polyphy-

letic with regard to the Hehcoboscinae under certain

circumstances, which are discussed below. Also inte-

resting is the surprisingly few derived character states

that define suprafamilial clades, and it is noteworthy

that none of these states have been used previously in

corroborating inter-familial phylogenetic relation-

ships. Wesimply have no conclusive evidence on any

sister group relationship at the family level within the

Tachinidae family-group. As a consequence of this li-

mited evidence, of course, the cladogram favoured

here is far from stable. Reinterpretations of characters

and/or the addition of new characters by future stu-

dents are highly encouraged to test the present hypo-

thesis.

In the Calliphoridae, presence of parastomal bars is

a very consistent character state in the sense that ho-

moplasic occurrences are virtually non-existent. I

know of no calliphorid larva without parastomal bars

in the third instar, except for Mystacinobia if evidence

can be found that corroborates an inclusion in the

Calliphoridae. Parastomal bars do not occur at all in

the Tachinidae, Rhinophoridae and Oestridae. It is

interesting, however, that presence of parastomal bars

generally has been considered plesiomorphic in the

Calyptratae, e.g. by McAlpine (1989).

The free tips of dorsolateral phallic processes was

used by Rognes (1986, 1991) to unite the

Rhinophoridae and the Calliphoridae; with the

Rhinophoridae as a subfamily, but not necessarily as a

sister group of the remaining Calliphoridae. As al-

ready discussed, I have been unable to score the

groundplan of the Rhinophoridae for this character,

which in combination with its inapplicability with re-

gard to the Sarcophagidae and Tachinidae (see below)

really leaves it with very limited diagnostic power in

the present analysis. Thus, it is interesting to note

that if the Rhinophoridae are scored for free tips of

phallic dorsolateral processes in the matrix (i.e.

Rhinophoridae are scored for 1 in character 32 of ta-

ble 2), and if this is run as discussed above (outgroup

= 0.1;cc-10,15,22,39;mh*;bb*;xsteps w; etc.), the re-

sulting consensus tree will depict the Oestridae as the

sister group to the remaining Tachinidae family-

group and the Hehcoboscinae as the sister group of a

clade Sarcophagidae + non-helicoboscine Callipho-

ridae (fig. 10). Scoring the Rhinophoridae for the al-

ternative state; namely dorsolateral processes conflu-

ent with phallic wall (0 in character 32 of table 2), has

no impact on the configuration of the resulting

Nelson consensus tree.

The clade Calliphoridae + Oestridae is corroborat-

ed by three character states with the possible addition

of a fourth. These states are presence of setae on well-

defined thoracic surfaces, which have been used wide-

ly in the diagnosis of the Calliphoridae. They have

probably been overlooked or neglected in the

Oestridae because of the long, dense hairs, which

tend to conceal the thoracic sclerites.

Only one character state, the fusion of phallic dor-

solateral processes, corroborates the monophyly of

the clade Tachinidae + Sarcophagidae. This fusion

complicates the assessment of at which level in the

cladogram the free-tipped dorsolateral processes are

apomorphic. I have argued that the dorsomedian fu-

sion of these phallic sclerotisations makes a scoring

for presence/absence of free tips inapplicable. With

the condition in the Rhinophoridae being uncertain,

this will imply that the possibility of free tips being a

groundplan state of the Tachinidae family-group can-

not be excluded. In the analysis, this would be equal

to omitting this character (outgroup = 0.1;cc-

10,15,22,39;cc]32;mh*;bb*;xsteps w; etc.). This re-

sults in the Sarcophagidae being the sister group to

the remaining Tachinidae family-group and the Cal-

liphoridae become polyphyletic as the Hehcoboscinae

move to a sister group position of Oestridae (fig. II).

The monophyly of the clade Rhinophoridae +

Calliphoridae + Oestridae is corroborated by a single

character state: presence of a slightly swollen subscu-

tellum. This is indeed weak evidence as the present

division of subscutellar shape in three states may be

too simplified. Differences between the various types,

however, are not easy to put on formal descriptive

terms. If the slightly swollen subscutellum seen in the

Rhinophoridae, the botfly subfamilies, and some of

the calliphorid subfamilies are considered as derived

independently in each terminal taxon, this character

will have no effect on interfamilial phylogeny and

could as well be excluded from the matrix. This exclu-

sion (outgroup = 0.1;cc]I0;cc-15,22,39;mh*;bb*;-

xsteps w; etc.) results in a cladogram identical to that

of fig. 10, with the Oestridae being the sister group of

the remaining Tachinidae family-group. This will

happen irrespective of how the Rhinophoridae are

scored with regard to free or confluent tips of dorso-

lateral processes.

Even the ordering of the subscutellar states is open

to discussion. As already discussed, I prefer to avoid

ordering these states as I have no reason to consider

the swollen condition of the Tachinidae to have aris-

en from a less swollen condition rather than from the

concave condition. If, however, these states are put in

a linear transformation series with increasing convex-

ity (i.e. 0-1-2), and if all characters but 1 5, 22 and 39

still are treated as ordered (outgroup = O.I;cc-

15,22,39;mh*;bb*;xsteps w; etc.), the resulting clado-

gram will again put the Oestridae as the sister group

to the remaining Tachinidae family-group (fig. 10).

These examples are excellent illustrations of the
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importance of character and transformation series

interpretation.

It should be obvious from the discussion above that

inter-famiHal phylogenetic relationships within the

Tachinidae family-group still are open to consider-

able discussion. While the monophyly of the non-cal-

liphorid tachinoids are becoming better and better

corroborated we are still short of a satisfactory defini-

tion of the Calliphoridae. However, the main prob-

lem relates to the position of the subfamily

Helicoboscinae (currently with the single genus

Eurychaetd), as the large size of the metathoracic spir-

acle (or its fringe) provides a character state consist-

ingly uniting all non-helicoboscine blowflies. It

should also be emphasized that the present study is

insufficient in the sense that several characters have

been excluded from the analyses because of uncertain-

ty with regard to their proper scoring. Presence in

Eurychaeta of intrapostocular setulae and divided fe-

male abdominal tergites 7-8 (characters b, h) may

provide important additional support for a mono-

phyletic Calliphoridae when included.

What should be given high priority in future stud-

ies is a better definition of the Calliphoridae.

Important information may be obtained through bet-

ter definitions of subfamilies as well as through pat-

terns of subfamilial relationships. Also the

Rhinophoridae need a closer examination. Their def-

inition relies heavily on larval characters, which are

known for less than half the included genera, and our

present ignorance of generic phylogenetic relation-

ships for genera like Bezzimyia and Malayia makes

groundplan estimates of certain characters ambiguous

within this family.

Inclusion of additional outgroups will be a proper

test of the hypothetical groundplan of the Tachinidae

family-group outlined in this study. Thus, studies on

the phylogenetic relationships of the non-tachinoid

calyptrate families are needed, and if McAlpine's

(1989) hypothesis of a monophyletic Muscoidea

finds additional support, outgroup information

should be obtained from the Hippoboscidae family-

group and/or from the Acalyptratae.

Acknowledgements

I extend my most sincerest thanks to Knut Rognes,

Stavanger, who spent much time reading and

critizising previous drafts of the manuscript. His most

valuable comments and suggestions are highly appre-

ciated, and although the final decisions and con-

clusions regarding interpretations of characters and

character states are entirely mine, there is no doubt

that the paper has improved considerably through his

effort. Monty Wood, Ottawa, and Stig Andersen,

Copenhagen, contributed with significant infor-

mation on various aspects of tachinid phylogeny and

morphology, and Verner Michelsen, Copenhagen,

gave important information on the Anthomyiidae

and Muscidae. Amnon Freidberg, Tel Aviv, kindly

arranged a loan of the undescribed species of Mexican

Bezzimyia, and Norman E. Woodley, Washington,

D.C. and Beverly A. Holloway, Auckland, generous-

ly provided some specimens of Mesembrinellinae and

Mystacinobia zelandica respectively for examination.

Thanks also to Brian M. Wiegmann, Maryland

University, for taking time to discuss the use of pa-

rasitism in phylogenetic analyses.

The present study was supported in part through

grant No. 1 1-6152 from the Danish Natural Science

Research Council.

References

Allen, H. W., 1926. North American species of two-winged

flies belonging to the tribe Miltogrammini. - Proceedings

of the United States National Museum68: 1-106.

Andersen, S., 1983. Phylogeny and classification of Old

World genera of Siphonini (Diptera: Tachinidae). —

Entomologica Scandinavica 14: 1-15.

7\jidersen, S., 1988. Revision of European species of

Phytomyptera Rondani (Diptera: Tachinidae). -

Entomologica Scandinavica 19: 43-80.

Baird, C. R. & C. L. Graham, 1973. Cuterebra tenebrosa: de-

scription of immature stages and a redescription of the

adult (Diptera: Cuterebridae). - Canadian Entomologist

105: 1281-1293.

Baker, G. T., 1986. Morphological aspects of the egg and

cephalic region of the first instar larva of Cuterebra hor-

ripilum (Diptera: Cuterebridae). - WasmannJournal of

Biology 44(1-2): 66-72.

Baudet, J. L., 1980. Recherches sur la reproduction dans le

genre Sarcophaga (Insectes, Diptères): appareil génital fe-

melle, oeufs et particularités liées au mode d'incubation.

- Unpublished 'Thèse de 3'"' cycle', U.E.R. des Sciences

Biologiques de l'Université de Rennes. Série C, ordre

626; 118pp.

Baudet, J. L., 1985. Particularités morphologiques et fonc-

tionelles du chorion des oeufs de Sarcophaga (Insectes,

Diptères), en relation avec l'ovoviviparité. - Bulletin de la

Société de Science naturelle de l'Ouest de la France (n.s.)

7(4): 176-184.

Bedding, R. A., 1973. The immature stages of

Rhinophorinae (Diptera: Calliphoridae) that parasitise

British woodlice. - Transactions of the Royal

Entomological Society of London 125(1): 27-44.

Bennett, G. F., 1955. Studies on Cuterebra emasculator

Fitch 1856 (Diptera: Cuterebridae) and a discussion of

the status of the genus Cephenemyia Ltr. 1818. —

Canadian Journal of Zoology 33: 75-98.

Bodnaryk, R. P., 1970. Chemical taxonomy: An application

to the genus Sarcophaga (Diptera: Sarcophagidae). -

Canadian Entomologist 102: 349-353.

Bodnaryk, R. P., 1972. A survey of the occurrence of ß-ala-

nyl-ryrosine, gamma-glutamyl-phenylalanine and tyro-

sine-o-phosphate in the larval stage of flies (Diptera). -

Comparative Biochemistry and Physiology 43B: 587-592.



Tijdschrift voor Entomologie, volume 135. 1992

Cantrell, B., 1988. The comparative morphology of the

male and female postabdomen of the Australian Tach-

inidae (Diptera), with descriptions of some first-instar

larvae and pupae..- Invertebrate Taxonomy 2(1): 81-221.

Carpenter, J. M., 1988. Choosing among multiple equally

parsimonious cladograms. - Cladistics 4: 291-296.

Carvalho, C. J. B. de, 1989. Classificaçâo de Muscidae

(Diptera): uma proposta através da anâlise cladistica. -

Revista Brasileira de Zoologia 6(4): 627-648.

Catts, E. P., 1964. Field behaviour of adult Cephenemyia

(Diptera: Oestridae). - Canadian Entomologist 96: 579-

585.

Catts, E. P. &C R. Garcia, 1963. Drinking by adult

Cephenemyia (Diptera: Oestridae). — Annals of the

Entomological Society of America 56: 660-663.

Cogley, T. P. & J. R. Anderson, 1983. Ultrastructure and

function of the attachment organ of Gasterophilus eggs

(Diptera: Gasterophilidae). — International Journal of

Insect Morphology and Embryology 12(1): 13-23.

Cogley, T. P., Anderson, J. R. & J. Weintraub, 1981.

Ultrastructure and function of the attachment organ of

warble fly eggs (Diptera: Oestridae: Hypodermatinae). -

International Journal of Insect Morphology and

Embryology 10(1): 7-18.

Crosskey, R. W., 1965. A systematic revision of the

Ameniinae (Diptera: Calliphoridae). - Bulletin of the

British Museum of Natural History (Entomology) 16:

33-140.

Crosskey, R. W., 1976. A taxonomie conspectus of the

Tachinidae (Diptera) of the Oriental Region. - Bulletin

of the British Museum of Natural History (Entomology)

Supplement 26: 1-357.

Crosskey, R. W., 1977. A review of Rhinophoridae

(Diptera) and a revision of the Afrotropical species. -

Bulletin of the British Museum of Natural History

(Entomology) 36: 1-66.

Crosskey, R. W., (ed.), 1980a. Catalogue of the Diptera of

the Afrotropical Region. British Museum (Natural

History), London. l437pp.

Crosskey, R. W., 1980b. Family Tachinidae. - Pp. 822-882

in R. W. Crosskey (ed.). Catalogue of the Diptera of the

Afrotropical Region. British Museum (Natural History),

London. l437pp.

David, W. A. L. & B. O. C. Gardiner, 1966. Mustard oil

glucosides as feeding stimulants for Pieris brassicae larvae

in a semi-synthetic diet. - Entomologia experimentalis et

applicata 9: 247-255.

Day, M. C. & K. G. V. Smith, 1980. Insect eggs on adult

Rhopalum clavipes (L.) (Hymenoptera: Sphecidae): a

problem solved. - Entomologist's Gazette 31: 173-176.

Dear, J. P., 1986. Calliphoridae (Insecta: Diptera). - Fauna

ofNew Zealand 8: 1-86.

Degrugillier, M. E. & R. A. Leopold, 1973. Internal genital-

ia of the female house fly, Musca domestica L. (Diptera:

Muscidae): analysis of copulation and oviposition. -

International Journal of Insect Morphology and

Embryology 2: 313-325.

Delfmado, M. D. & D. E. Hardy (eds), 1977. A catalog of

the Diptera of the Oriental Region. Vol. 3. Suborder

Cyclorrhapha (excluding Division Aschiza). Univ. of

Hawaii Press, Honolulu, x + 854 pp.

Downes, W. L., Jr., 1955. Notes on the morphology and

classification of the Sarcophagidae and other calyptrates

(Diptera). - Proceedings of the Iowa Academy of

Sciences 62(15): 514-538.

Downes, W. L.,Jr., 1965. Family Sarcophagidae. - Pp. 933-

961 in A. Stone et al. (eds), A catalog of the Diptera of

America north of Mexico. Agricultural Handbook 276.

Washington, D.C. iv + 1696pp.

Downes, W. L., Jr., 1986. The Nearctic Melanomya and rel-

atives (Diptera: Calliphoridae). A problem in calyptrate

classification. - Bulletin of the NewYork State Museum
460, V + 35 pp.

Eberhardt, A. I., 1955. Untersuchungen über das

Schmarotzen von Sarcophaga camaria an Regenwürmern
und vergleich der Biologie einiger Sarcophaga-hxicn. —

Zeitschrift für Morphologie und Ökologie der Tiere 43:

616-647.

Erzinçlioglu, Y. Z., 1988. The morphology of the egg of the

bird-parasite Protocalliphora azurea (Diptera: Callipho-

ridae). - Medical and Veterinary Entomology 2: 95-97.

Erzinçlioglu, Y. Z., 1989. The value of chorionic structure

and size in the diagnosis of blowfly eggs. - Medical and

Veterinary Entomology 3: 281-285.

Evenhuis, N. L. (ed.), 1989. Catalog of the Diptera of the

Australasian and Oceanian Regions. - Bishop Museum
Special Publication 86, 1155 pp.

Farris, J. S., 1988. Hennig86, version 1.5. Documentation.

Ferrar, P., 1978. Macrolarviparous reproduction in

Euphumosia (Diptera: Calliphoridae). —Journal of the

Australian Entomological Society 17: 13-17.

Ferrar, P., 1979. The immature stages of dung-breeding

muscoid flies in Australia, with notes on the species, and

keys to larvae and puparia. — Australian Journal of

Zoology, Suppl. Ser. 73: 1-106.

Ferrar, P., 1987. A guide to the breeding habits and imma-
ture stages of Diptera Cyclorrhapha. - Entomonograph

8(1-2): 1-907.

Fitzhugh, K., 1989. Cladistics in the fast lane. -Journal of

the New York Entomological Society 97: 234-241.

[Review of Hennig86.]

Girschner, E., 1 893. Beitrag zur Systematik der Museiden. —

Berliner entomologische Zeitschrift 38: 297-312.

Greenberg, B. & M. L. Szyska, 1984. Immature stages and

biology of fifteen species of Peruvian Calliphoridae

(Diptera). - Annals of the Entomological Society of

America 77: 488-517.

Griffiths, G. C. D., 1972. The phylogenetic classification of

Diptera Cyclorrhapha, with special reference to the struc-

ture of the male postabdomen. - Dr. W. Junk, The
Hague; 340 pp.

Griffiths, G. C. D., 1982. On the systematic position of

Mystacinobia (Diptera: Calliphoridae. - Memoirs of the

Entomological Society of Washington 10: 70-77.

Grunin, K. J., 1965. 64b. Hypodermatidae. In E. Lindner

(ed.). Die Fliegen der Paläarktischen Region 8: 1-154, 41

pis. [Pp. 1-40 published 31.xii.l964.]

Grunin, K. J., 1966. 64a. Oestridae. In E. Lindner (ed.).

Die Fliegen der Paläarktischen Region 8: 1-96, 25 pis.

Grunin, K. J., 1969. 64a. Gasterophilidae. In E. Lindner

(ed.). Die Fliegen der Paläarktischen Region 8: 1-61, 6

pis.

Guimarâes, J. H., 1977. A systematic revision of the

Mesembrinellidae, stat.nov. (Diptera, Cyclorrhapha). -

Archives de Zoologia, Sâo Paulo 29(1): 1-109.

Hackman, W., 1980. A check list of the Finnish Diptera II.

Cyclorrhapha. - Notulae Entomologicae 60: 1 17-162.

Hennig, W., 1958. Die Familien der Diptera Schizophora

und ihre phylogenetischen Verwandtschaftsbeziehungen.

- Beiträge zur Entomologie 8(5-6): 505-688.

82



Pape: Phylogeny of the Tachinidae family-group

Hennig, W., 1973. Diptera (Zweiflügler). - Handbuch der

Zoologie 4(2)2/31: 1-337 (Lieferung 20).

Hennig, W., 1976. Anthomyiidae. In E. Lindner (ed.), Die

Fliegen der paläarktischen Region. 7(1-3): i-lxxvii + 1-

974 pp., 74 pis. [Although cited as from 1976, this vol-

ume was published in parts from 1966 through 1976.]

Herring, B., 1955: Ein Beitrag zur Systematik der calyptra-

ten Fliegen (Kurze Mitteilung). - Mitteilungen der

Schweizerischen entomologischen Gesellschaft 28: 220-

221.

Herting, B., 1957. Das weibliche Postabdomen der calyp-

traten Fliegen (Diptera) und sein Merkmalswert für die

Systematik der Gruppe. - Zeitschrift für Morphologie

und Ökologie der Tiere 45: 429-461.

Herting, B., 1960. Biologie der westpaläarktischen

Raupenfliegen Dipt., Tachinidae. - Monographien zur

angewandten Entomologie 16: 1-188.

Herting, B., 1961. 64e. Rhinophorinae. In: E. Lindner

(ed.). Die Fliegen der Paläarktischen Region. 9: 1-36.

Hinton, H. E., 1960a. The chorionic plastron and its role in

the eggs of the Muscinae (Diptera). - Quarterly Journal

of Microscopical Science 101(3): 313-332.

Hinton, H. E., 1960b. Plastron respiration in the eggs of

blowflies. -Journal of Insect Physiology 4: 176-183.

Hinton, H. E., 1963. The respiratory system of the egg-shell

of the blowfly, CalUphora erythrocephala Meig., as seen

with the electron microscope. - Journal of Insect

Physiology 9: 121-129.

Hinton, H. E., 1965. The structure of the egg-shell of the

cabbage root fly,- Erioischia brassicae. - Annals of Applied

Biology 56: 1-6, 1 pi.

Hinton, H. E., 1967. The respiratory system of the egg-shell

of the common housefly. - Journal of Insect Physiology

13:647-651.

Holloway, B. A., 1976. A new bat-fly family from New
Zealand (Diptera: Mystacinobiidae). - New Zealand

Journal of Zoology 3: 279-301.

Hori, K., 1960. Comparative anatomy of the internal organs

of the calyptrate muscoid flies I. Male internal sexual or-

gans of the adult flies. - Science Reports of Kanazawa

University 7(1): 23-83.

Hori, K., 1961. Comparative anatomy of the internal organs

of the calyptrate muscoid flies II. Female internal sexual

organs of the adult flies. - Science Reports of Kanazawa

University 7(2): 61-101.

Hori, K., 1962. Comparative anatomy of the internal organs

of the calyptrate muscoid flies IV. The malpighian tu-

bules of the adult flies. - Science Reports of Kanazawa

University 8(1): 89-106.

Howard, G. W., 1980. Second stage larvae of nasal botflies

(Oestridae) from African antelopes. - Systematic

Entomology 5: 167-177.

Huckett, H. C, 1 987. Anthomyiidae. - Pp. 1 099- 1 1 1 4 in J.

F. McAlpine (ed.). Manual of Nearctic Diptera. Vol. 2.

Research Branch, Agriculture Canada, Monograph No.

28, vi + 675-1332.

Huckett, H. C. & J. R. Vockeroth, 1987. Muscidae. - Pp.

1115-1131 inj. F. McAlpine (ed.), Manual of Nearctic

Diptera. Vol. 2. Research Branch, Agriculture Canada,

Monograph No. 28, vi + 675-1332.

James, M. T., 1966. The blow flies (Diptera, Calliphoridae)

collected in the Philippine Islands by the Noona Dan ex-

pedition. - Entomologiske Meddelelser 34: 463-488.

Kitching, R. L., 1976. The immature stages of the Old-

World screw-worm fly, Chrysomya bezziana Villeneuve,

with comparative notes on other Australasian species of

Chrysomya (Diptera, Calliphoridae). - Bulletin of ento-

mological Research 66: 195-203 + pis V-XIII.

Kremer, M., Rebholtz, C. & J.
- P. Rieb, 1978.

Iconographie des plaques stigmatiques de Dermatobia

hominis Linné Jr (= D. cyaniventris Macquart 1843). -

Annales de Parasitologic 53: 439-440.

Kugler, J., 1978. The Rhinophoridae (Diptera) of Israel. -

Israel Journal of Entomology 12: 65-106.

Kurahashi, H., 1970. Tribe Calliphorini from Australian

and Oriental Regions, I. Melinda-group (Diptera:

Calliphoridae). - Pacific Insects 12(3): 519-542.

Kurahashi, H., 1971. The tribe Calliphorini from

Australian and Oriental Regions II. Calliphora-group

(Diptera: Calliphoridae). - Pacific Insects 13(1): 141-

204.

Kurahashi, H., 1975. Studies on the calypterate muscoid

flies from Japan XI. Subfamily Agriinae (Diptera,

Sarcophagidae). - Kontyû 43(2): 202-213.

Kurahashi, H., 1989. Family Calliphoridae. - Pp. 702-718

in N.L. Evenhuis (ed.), 1989. Catalog of the Diptera of

the Australasian and Oceanian Regions. Bishop Museum
Special Publication 86, 1 155 pp.

Lehrer, A. Z., 1970. Considérations phylogénetiques et tax-

onomiques sur la famille Calliphoridae (Diptera). —

Annotationes Zoologicae et Botanicae, Bratislava 61: 1-

51.

Lehrer, A. Z., 1973. Microsternites préabdominaux des

diptères cylindromyiides. - Zoologischer Anzeiger 190:

405-408.

Leite, A. C. R., 1988. Scanning electron microscopy of the

egg and the first instar larva of Dermatobia hominis

(Diptera, Cuterebridae). - Memorias do Instituto

Oswaldo Cruz 83(2): 253-257.

Leonide, J. & J. C. Leonide, 1986. Les diptères

sarcophagidés endoparasites des orthoptères français —es-

sai biotaxonomie. Université de Provence (Aix-

Marseille), 288 pp.

Leopold, R. A., Meola, S. & M. E. Degrugillier, 1978: The

egg fertilization site within the house fly, Musca domesti-

ca (L.) (Diptera: Muscidae). - International Journal of

Insect Morphology and Embryology 7(2): 1 1 1-120.

Lopes, H. S., 1941. Sobre o aparelho genital feminino dos

'Sarcophagidae' e sua importncia na classificaçâo

(Diptera). - Revista brasileira de biologia 1(2): 215-221.

Lopes, H. S., 1975. On some North American

Sarcophagidae with red legs (Diptera). - Revista brasilei-

ra de biologia 35(1): 155-164.

Lopes, H. S., 1982a. On Eumacronychia sternalis Allen

(Diptera, Sarcophagidae) with larvae living on eggs and

hatchilings [sic!] of the East Pacific Green Turtle. -

Revista brasileira de biologia 42(2): 425-429.

Lopes, H. S., 1982b. On the importance of the mandible

and clypeal arch of the first instar larvae in the classifica-

tion of the Sarcophagidae (Diptera). - Revista Brasileira

de Entomologia 26: 293-326.

Lopes, H. S. & D. O. Albuquerque, 1982. Notes on

Neotropical Calliphoridae (Diptera). - Revista brasileira

de biologia 42(1): 63-69.

Lopes, H. S. & R. Kano, 1968. Studies on copulation of

some sarcophagid flies (Diptera). Taxonomie importance

of some features of male and female genitalia. - Revista

brasileira de biologia 28(3): 295-301.

Lopes, H. S. & A. C. R. Leite, 1989. Morphology of the egg

of Sarcodexia lamhens (Diptera: Sarcophagidae). -

83



Tijdschrift voor Entomologie, volume 135, 1992

Memorias do Instituto Oswaldo Cruz 84(4): 497-500.

Lopes, H. S. & R. Tibana, 1984. Chilopodomyia boraceana,

gen.n., sp.n., a parasitoid fly from Brazil (Diptera,

Sarcophagidae) . - Revista brasileira de Entomologia 28:

417-420.

Maneval, H., 1929. Observations sur Hilarella stiaicaMeig.

(Dipt. Tachinidae) spoliatrice A' Ammophila sabulosa L. -

Bulletin de la Société entomologique de France [1929]:

26-28.

McAlpine, J. F., 1981. Morphology and terminology -

adults. - Pp. 9-63 in J. F. McAlpine et al. (eds), Manual

ofNearctic Diptera. Vol. 1. Research Branch, Agriculture

Canada, Monograph No. 27, 1-647.

McAlpine, J. F., Peterson, B. V., Shewell, G. E., Teskey, W.

J., Vockeroth, J. R. & D. M. Wood, 1981. Introduction.

- Pp. 1-7 in J. F. McAlpine et al. (eds). Manual of

Nearctic Diptera. Vol. 1. Research Branch, Agriculture

Canada, Monograph No. 27, 1-647.

McAlpine, J. F., 1989. Phylogeny and classification of the

Muscomorpha. - Pp. 1397-1518 in J. F. McAlpine (ed.).

Manual of Nearctic Diptera. Vol. 3. Research Branch,

Agriculture Canada, Monograph No. 32, vi + 1333-1581.

Merritt, D. J., 1989. The morphology of the phallosome

and accessory gland material transfer during copulation

in the blowfly. Lucilia cuprina (Insecta, Diptera). -

Zoomorphology 108: 359-366.

Michelsen, V., 1988. A world revision of Strobilomyia

gen.n.: the anthomyiid seed pests of conifers (Diptera:

Anthomyiidae). - Systematic Entomology 13: 271-314.

Mickevich, M. F., 1982. Transformation series analysis. -

Systematic Zoology 31: 461-478.

Pantel, J., 1910. Recherches sur les Diptères parasites. - La

Cellule 26: 27-216.

Papavero, N. (ed.), 1966-?. A catalogue of the Diptera of the

Americas south of the United States. Departamento de

Zoologia, Secretaria da Agricultura, Säo Paulo.

Papavero, N., 1977. The world Oestridae (Diptera) mam-
mals and continental drift. Series Entomologica 14; vii +

240 pp.

Pape, T., 1986a. A phylogenetic analysis of the woodlouse-

flies (Diptera, Rhinophoridae). - Tijdschrift voor

Entomologie 129(2): 15-34.

Pape, T., 1986b. The phylogeny of the Sarcophagidae. - P.

182 in B. Darvas & L. Papp (eds). Abstracts of the first

international congress of dipterology, Budapest, iv + 316

pp.

Pape, T., 1986c. Two new species of Hoplatainia Zumpt
(Diptera: Sarcophagidae). - Durban Museum Novitates

14(1): 1-6.

Pape, T., 1987a. The Sarcophagidae (Diptera) of

Fennoscandia and Denmark. - Fauna entomologica

Scandinavica 19: 1-203, 2 pi.

Pape, T., 1987b. A new Afrotropical species of Phyto

Robineau-Desvoidy (Diptera: Rhinophoridae). -Journal

of the Entomological Society of Southern Africa 50(2):

375-381.

Pape, T., 1987c. Revision of Neotropical Metopia Meigen

(Diptera: Sarcophagidae). - Systematic Entomology 12:

81-101.

Pape, T., 1987d. Species of the Afrotropical genus Ventrops

Crosskey (Diptera: Rhinophoridae). - Annals of the

Natal Museum 28(2): 543-550.

Pape, T., 1988. First record of Melanomya Rondani

(Diptera, Calliphoridae) from Japan. - Kontyû 56(3):

641-644.

Pape, T., 1989. Three new species of Neotropical

Sarcophagidae (Diptera). - Memorias do Instituto

Oswaldo Cruz. 84: 471-476.

Pape, T., 1990: Revisionary notes on American Sar-

cophaginae (Diptera: Sarcophagidae). - Tijdschrift voor

Entomologie 133: 43-74.

Pape, T., 1 99 1 . A revision of ChauliooestrusTownsend, a ge-

nus of Miltogrammatinae (Diptera: Sarcophagidae). -

Annals of the Natal Museum 32: 1 87- 1 98.

Patton, W. S., 1935a. Studies on the higher Diptera of med-

ical and veterinary importance. A revision of the genera of

the family Muscidae Testacea Robineau-Desvoidy based

on a comparative study of the male and female terminal-

ia. The genera Adichosia Surcouf and Auchmeromyia

Brauer and von Bergenstamm (sens. lat.). - Annals of

Tropical Medicine and Parasitology 29: 199-230.

Patton, W. S., 1935b. Studies on the higher Diptera of med-

ical and veterinary importance. A revision of the species

of the genus G/o«/«« Wiedemann based on a comparative

study of the male and female terminalia. - Annals of

Tropical Medicine and Parasitology 29: 483-496.

Patton, W. S., 1937. Studies on the higher Diptera of med-

ical and veterinary importance. Illustrations of the termi-

nalia of Cobboldia elephantis Steel, C. chrysidiformis Rod-

hain and Bequaert and Ruttenia loxodontis Rodhain.

Annals of Tropical Medicine and Parasitology 31: 341-

349.

Patton, W. S., 1939. The terminalia of the genus

Wohlfahrtia B. & B., and those of some allied genera, to-

gether with notes on the natural grouping of the species

of the subfamilies Sarcophaginae and Miltogrammatinae.

- Bulletin de la Société Fouad 1" d'Entomologie 22: 67-

109.

Platnick, N. I., 1979. Philosophy and the transformation of

cladistics. - Systematic Zoology 28: 537-546.

Pont, A. C, 1977. Family Eginiidae. - Pp. 524-525 in M.
D. Delfinado & D. E. Hardy (eds), A catalog of the

Diptera of the Oriental Region. Vol. 3. Suborder

Cyclorrhapha (excluding Division Aschiza). Univ. of

Flawaii Press, Honolulu, x + 854 pp.

Pont, A. C, 1980a. Family Calliphoridae. - Pp. 779-800 in

R. W. Crosskey (ed.), Catalogue of the Diptera of the

Afrotropical Region. British Museum (Nat. Hist.),

London. 1437pp.

Pont, A. C, 1980b. Family Gasterophilidae. - Pp. 883-885

in R. W. Crosskey (ed.). Catalogue of the Diptera of the

Afrotropical Region. British Museum (Nat. Hist.),

London. 1437pp.

Pont, A. C, 1986a. Family Fanniidae. - Pp. 41-57 in Ä.

S0ÓS (ed.), Catalogue of Palaearctic Diptera 11:

Scathophagidae-Hypodermatidae. Elsevier. 346 pp.

Pont, A. C, 1986b. Family Muscidae. - Pp. 57-215 in Ä.

S0ÓS (ed.), Catalogue of Palaearctic Diptera 11:

Scathophagidae-Hypodermatidae. Elsevier. 346 pp.

Price, P. W., 1980. Evolutionary biology of parasites.

Princeton University Press, Princeton, N.J., xi + 237 pp.

Richards, P. G. & F. D. Morrison, 1972. The egg and chor-

ion oi Pollenia rudis (Fabricius) (Diptera: Calliphoridae).

- Canadian Journal of Zoology 50: 1676-1678.

Richter, V. A., 1991. A new tribe, new and little known spe-

cies of the tachinid flies (Diptera, Tachinidae) of the fau-

na of the USSR. - Entomologicheskoe Obozrenie 70:

229-246

Roback, S. S., 1951. A classification of the muscoid calyp-

trate Diptera. - Annals of the Entomological Society of

84



Pape: Phytogeny of the Tachinidae family-group

America 44: 327-36 1

.

Rognes, K., 1986. The systematic position of the genus

Helicobosca Bezzi with a discussion of the monophyly of

the calyptrate famihes CalHphoridae, Rhinophoridae,

Sarcophagidae and Tachinidae (Diptera). -

Entomologica Scandinavica 17: 75-92.

Rognes, K., 1987. The taxonomy of the Pollenia rudis spe-

cies-group in the Holarctic Region (Diptera:

CalHphoridae). - Systematic Entomology 12: 475-502.

Rognes, K., 1988. The taxonomy and phyiogenetic relation-

ships of the Pollenia semicinerea species-group (Diptera:

CalHphoridae). - Systematic Entomology 13: 315-345.

Rognes, K., 1991. The Calliphoridae (Diptera) of

Fennoscandia and Denmark. - Fauna Entomologica

Scandinavica 24: 1-272.

Rohdendorf, B. B., 1935. Sarcophaginae. In E. Lindner

(ed.). Die Fliegen der paläarktischen Region 1 1: 49-128.

Rohdendorf, B. B., 1937. Fam. Sarcophagidae. - Fauna

SSSR 19(1): 1-501. [In Russian with German summary.]

Rohdendorf, B. B., 1967. The directions of the historical

development of the sarcophagids (Diptera,

Sarcophagidae). - Trudy Paleontologicheskogo instituta.

Akademiya nauk SSSR. 1 16: 1-92. [In Russian.]

Rohdendorf, B. B., 1977. The classification and phylogeny

of the Diptera. - Pp. 81-88 in D. A. Scarlato & K. B.

Gorodkov (eds), Systematics and evolution of the Diptera

(Insecta). A collection of Scientific works. Acad. Sci

USSR. ZIL. [In Russian.]

Sabrosky, C. W., 1986. North American species of

Cuterebra, the rabbit and rodent bot flies (Diptera:

Cuterebridae). - Thomas Say Foundation Monographs.

240 pp.

Sabrosky, C. W. & P. H. Arnaud, Jr., 1965. Family

Tachinidae (Larvaevoridae). - Pp. 961-1 108 in A. Stone

et al. (eds.), A catalog of the Diptera of America north of

Mexico. Agricultural Handbook 276. Washington, D.C.
iv + 1696pp.

Salzer, R., 1968. Konstruktionsanatomische Untersuch-

ungen des männlichen Postabdomens von Calliphora

erythrocephala Meigen (Dipt.). - Zeitschrift für

Morphologie und Ökologie der Tiere 63: 155-238.

Schoonhoven, L. M., 1967. Chemoreception of mustard oil

glucosides in larvae of Pieris brassicae. — Proceedings

Koninklijke Nederlandse akademie van wetenschappen,

Series C 70: 556-568.

Séguy, E., 1965. Le Sarcophaga nigriventris parasite de

l'abeille domestique en Europe occidentale (Insecte,

Diptère, Calliphoride). - Bulletin du Muséum national

d'histoire naturelle 37(3): 407-41 1.

Shewell, G. E., 1987a. Calliphoridae. - Pp. 1 133-1 145 in J.

F. McAIpine (ed.), Manual of Nearctic Diptera. Vol. 2.

Research Branch, Agriculture Canada, Monograph 28, vi

+ 675-1332.

Shewell, G. E., 1987b. Sarcophagidae. - Pp. 1 159-1 186 in

J. F. McAIpine (ed.). Manual of Nearctic Diptera. Vol. 2.

Research Branch, Agriculture Canada, Monograph 28, vi

+ 675-1332.

Shima, H., 1986: A systematic study of the genus

Linnaemya Robineau-Desvoidy from Japan and the

Oriental Region (Diptera: Tachinidae). - Sieboldia 5(1):

1-96.

Shima, H., 1988. Some remarkable new species of

Tachinidae (Diptera) from Japan and the Indo-

Australian Region. - Bulletin of the Kitakyushu Museum
of natural History 8: 1-37.

Shima, H., 1989. Parasitic way of life in tachinid flies. -

Insectarium 26: 4-9, 46-51, 88-94, 120-126. [In

Japanese; the cladogram in fig. 3 with English translation

in J. E. O'Hara (ed.), Tachinid Times 3: 9 (February

1990; Biosystematics Research Centre, Ottawa,

Canada).]

Skidmore, P., 1985. The biology of the Muscidae of the

world. - Dr. W. Junk Publishers, Dordrecht. 550 pp.
Smith, K. G. v., 1988. Larvae of Tachinidae (Dipt.) in hu-

man myiasis. - Entomologist's Monthly Magazine 124:

69-71.

Soos, A. (ed.), 1984-? Catalogue of palaearctic Diptera. Vols

1-14. Akadémiai Kiadó, Budapest.

Stone, A., C. W. Sabrosky, W. W. Wirth, R. H. Foote & J.

R. Coulson (eds), 1965: A catalog of the Diptera of

America north of Mexico. Agricultural Handbook 276.

Washington, D.C. iv + 1696 pp.

Sturtevant, A.H., 1925-26. The seminal receptacles and ac-

cessory glands of the Diptera, with special reference to the

Acalypterae. - Journal of the New York entomological

Society 33: 195-215, 34: 1-21, 3 pis.

Teskey, H. J., 1981. Morphology and terminology- larvae.

Pp. 65-88 in J. F. McAlpine et al. (eds), Manual of

Nearctic Diptera. Vol. 1. Research Branch, Agriculture

Canada, Monograph No. 27, 1-647.

Thompson, F. C, 1990. Biosystematic information: dipter-

ists ride the third wave. - Pp. 179-201 in M. Kosztarab &
C.W. Schaefer (eds), Systematics of the North American

Insects and Arachnids: status and needs. Virginia

Agricultural Experiment Station Information Series 90-1.

Blacksburg; Virginia Polytechnic Institute and State

University.

Thompson, W. R., 1921. Recherches sur les diptères para-

sites. I. - Les larves des Sarcophagidae. - Bulletin biolo-

gique de la France et de la Belgique 54: 313-463, pis 6-

18.

Thompson, W. R., 1963. The tachinids of Trinidad III.

The Goniines with microtype eggs (Dipt. Tachinidae). -

Studia entomologica 6(1-4): 257-404.

Townsend, C. H. T., 1942. Manual of myiology. Part 12.

General consideration of the Oestromuscaria.

Itaquaquecetuba, Sao Paulo. 349 pp., 79 pis (numbered

7-84 with frontispiece between 40 and 41), one unnum-
bered page ('Note to the plates'), and addenda + corrigen-

da 1-8.

Tschorsnig, H. - P., 1985a. Die Struktur des männlichen

Postabdomens der Rhinophoridae (Diptera). -

Stuttgarter Beiträge zur Naturkunde Ser. A 375: 1-18.

Tschorsnig, H. - P., 1985b. Taxonomie forstlich wichtiger

Parasiten: Untersuchungen zur Struktur des männlichen

Postabdomens der Raupenfliegen (Diptera, Tachinidae).

- Stuttgarter Beiträge zur Naturkunde Ser. A 383: 1-137.

Verves, Yu. G., 1990. A system of the subfamily

Paramacronychiinae (Diptera, Sarcophagidae). - Vestnik

Zoologii [1990] (4): 24-31.

Villeneuve, J., 1924. Contribution à la classification des

'Tachinidae' paléarctiques. - Annales des Sciences natu-

relles (Zoologie) (10)7: 5-39.

Vossbrinck, C. R. & S. Friedman, 1989. A 28s ribosomal

RNAphylogeny of certain cyclorrhaphous Diptera based

upon a hypervariable region. - Systematic Entomology
14:417-431.

Wiegmann, B. M., 1989. A phyiogenetic revision of the

family Atelestidae (Diptera: Empidoidea) and its implica-

tions for the origin of the cyclorrhaphous Diptera.

85



Tijdschrift voor Entomologie, volume 135, 1992

[Unpubl. M.Sc. Thesis, University of Maryland.]

Williams, S. C, P. H. Arnaud & G. Lowe, 1990. Parasitism

oi Anuroctonus phaiodactylusCSf/ooà) and Vaejovis spinig-

erus (Wood) (Scorpiones: Vaejovidae) by Spilochaetosoma

califomicum Smith (Diptera: Tachinidae), and a review of

parasitism in scorpions. - Myia 5: 1 1-27.

Wood, D. M., 1972. A revision of the New World

Exoristini (Diptera: Tachinidae). I. Phorocera subgenus

Pseudotachinomyia. - Canadian Entomologist 104: 471-

503.

Wood, D. M., 1985. A taxonomie conspectus of the

Blondeliini of North and Central America and the West

Indies (Diptera: Tachinidae). - Memoirs of the

Entomological Society of Canada 132: 1-130.

Wood, D. M., 1986. Are Cuterebridae, Gasterophilidae,

Hypodermatidae and Oestridae a monophyletic group? -

P. 261 in B. Darvas & L. Papp (eds). Abstracts of the first

international congress of dipterology, Budapest, iv + 316

pp.

Wood, D. M., 1987a. Oestridae. - Pp. 1 147-1 158 in J. F.

McAlpine (ed.). Manual of Nearctic Diptera. Vol. 2.

Research Branch, Agriculture Canada, Monograph No.

28, vi + 675-1332.

Wood, D. M., 1987b. Rhinophoridae. - Pp. 1 187-1 191 in

J. F. McAlpine (ed.). Manual of Nearctic Diptera. Vol. 2.

Research Branch, Agriculture Canada, Monograph No.

28, vi + 675-1332.

Wood, D. M., 1987c. Tachinidae. - Pp. 1193-1269 in J.F.

McAlpine (ed.). Manual of Nearctic Diptera. Vol. 2.

Research Branch, Agriculture Canada, Monograph No.

28, vi + 675-1332.

Wood, D. M., 1990: Tales told by tails: homology and phy-

logenetic implications of male genitalia of Diptera - an

overview. — Abstracts International Congress of

Dipterology 2: 362.

Wood, D. M., 1991. Homology and phylogenetic implica-

tions of male genitalia in Diptera. The ground plan. -

Proceedings of the Second International Congress of

Dipterology: 255-284.

Woodley, N. E., 1989. Phylogeny and classification of the

'Orthorrhaphous' Brachycera. - Pp. 1371-1395 in J.F.

McAlpine (ed.). Manual of Nearctic Diptera. Vol. 3.

Research Branch, Agricultute Canada, Monograph No.

32, vi + 1333-1581.

Zumpt, F. 1956. Calliphoridae (Diptera Cyclorrhapha).

Part I: Calliphorini and Chrysomyiini. - Exploration du

Parc national Albert Mission G.F. de Witte 87: 1-199.

Zumpt, F., 1965. Myiasis in man and animals in the Old

World. Butterworths, London, xv + 267 pp.

Zumpt, F., 1973. The stomoxyine biting flies of the World.

Gustav Fischer, Stuttgart, viii + 175 pp.

Received: 30 October 1991

Accepted: 18 February 1992

86


